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Cabergoline 

Synonyms 

FCE21336; N- [ (3-dimethylamino)propyl] -N- [ (ethyla- 
mino)carbonyl] -6- (2-propenyl)-ergoline-8b-carboxamide 

Definition 

Like bromocriptine, cabergoline is a centrally acting 
dopamine D2 receptor agonist used to treat Parkinsons 
disease in its early phase. Cabergoline can be used in 
combination with l-DOPA and carbidopa in the 
progressive phase of Parkinsons disease (see also 
l-DOPA and carbidopa). Cabergoline is also used in 
the treatment of hyperlactation by suppressing prolactin 
secretion, pituitary tumors (prolactinomas), and dysfunc¬ 
tions related to hyperprolactinemia. Cabergoline and 
pergolide are contraindicated in patients with evidence 
of heart valve problems due to activation of 5-HT 2B 
receptors. 

Cross-References 

► Anti-Parkinson Drugs 


Cachexia 

Definition 

Cachexia is a wasting syndrome involving reduced 
appetite, loss of body weight, and muscle atrophy. 
In contrast to other causes of weight loss such as 
anorexia nervosa or dieting, weight loss due to cachexia 
is involuntary. Individuals with cachexia are not actively 
attempt to lose weight. These symptoms are commonly 
observed in cancer patients undergoing chemotherapy 
treatment. 

Cross-References 

► Anorexigenic 

► Eating Disorder: Anorexia Nervosa 
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Synonyms 

l,3,7-Trimethylpurine-2,6-dione; Trimethylxanthine; 1,3,7- 
Trimethylxanthine 

Definition 

Caffeine is a natural xanthinic alkaloid consumed world¬ 
wide for its ability in exerting psychostimulant effects 
of a mild extent usually devoid of severe unwanted 
consequences. 

Pharmacological Properties 

History and Sources 

Caffeine is contained in several vegetal species, the most 
famous being Coffea arabica, Thea sinensis , and Theo- 
broma cacao. The most ancient documentation on the 
consumption of caffeine-containing plants and their deri¬ 
vatives dates back to the China of the third century, where 
caffeine was consumed as tea. However, it is believed that 
consumption of caffeine-containing plants began far ear¬ 
lier, perhaps even during the Stone Age. 

Coffee as a beverage was first imported in Europe 
by the Venetian Prospero Alpino in 1570, while in 1573 
Leonard Rauwolf, a German physician and botanist was 
the first European to describe the preparation and drink¬ 
ing of coffee and in 1819 Friedrich Runge first isolated 
caffeine. Social appreciation of caffeine dates to the 
seventeenth century when “coffee houses” were estab¬ 
lished in Costantinople and Venice. Nowadays, caffeine 
can be found in dietary products like coffee, tea, mate, and 
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chocolate as well as an additive to soft drinks, particularly 
in the so called “energy drinks” Moreover, caffeine is a 
component of certain over the counter medications and of 
several dietary supplements. 

Biological Effects: General Overview 

Caffeine is capable of targeting several body organs and 
of influencing complex physiopathological phenomena 
(Table 1). Although psychostimulation is envisioned as 
“the” effect of caffeine, other effects may be associated 
with caffeine intake whose nature and intensity consider¬ 
ably vary among consumers. This depends, on one hand, 
on the existence of a different inter-individual responsive¬ 
ness to caffeine and, on the other, on the rate and dura¬ 
tion of caffeine consumption. Some of caffeine effects are 
manifested only after its intake at very high doses, while 

► tolerance to certain effects may occur after prolonged 
caffeine consumption. Furthermore, ► effect inversion 
can take place after either the intake of high doses or 
prolonged consumption of caffeine. 

Biological Effects: Central Effects 

As mentioned earlier, psychostimulation is the most 
popular among the central effects exerted by caffeine. 
Caffeine-induced psychostimulant effects include increa¬ 
sed wakefulness, delayed need for sleep, reduced fatigue 
perception, and augmented alertness. Caffeine also elicits 
rewarding effects associated with a beneficial influence 
on mood, and interferes with the perception of stimuli 
bearing, in addition, discriminative properties ( ► drug 
discrimination) towards other psychostimulants. Further¬ 
more, nootropic properties have been suggested for caf¬ 
feine based on its beneficial effects in tests measuring 
memory function. However, it is debated whether this 
result reflects a genuine effect on memory or rather stems 
from caffeine-induced increase in alertness. Then, the exis¬ 
tence of a neuroprotective potential ( ► neuroprotection) 
for caffeine has been observed in experimental animal 
models of Parkinsons and Alzheimer’s disease and suggested 
in humans based on epidemiological evaluation of 

► Parkinsons disease incidence (Fig. 1). Finally, caf¬ 
feine-mediated psychoactive effects may powerfully in¬ 
fluence those of other centrally active substances, leading 
to either their amplification ( ► amphetamines) or atten¬ 
uation (► alcohol). 

Mechanisms of Action: General Overview 

A wealth of experimental evidence indicates that the most 
commonly manifested biological effects of caffeine arise 
from its action on ► adenosine receptors. Such receptors 


are the only ones among the known biological targets of 
caffeine to be sensitive to the plasmatic concentrations 
of the substance attained upon its recreational consump¬ 
tion (Table 2). One cup of coffee may contain from 60 to 
100 mg of caffeine (~ 5jiM plasma levels); up to 10 cups 
of coffee, caffeine acts as an antagonist of adenosine 
A1/A2A receptors. At higher concentrations (lOOpM) 
caffeine inhibits cyclic nucleotide ► phosphodiesterases, 
whereas at toxic concentrations (1 mM) it stimulates the 
release of Ca 2+ through the ryanodine receptor. 

Four subtypes of adenosine receptors, namely Al, 
A2A, A2B, and A3, have been characterized. Caffeine is 
an antagonist towards these receptors: in humans it pref¬ 
erentially blocks A2A receptors (KD = 2.4 jiM), displays a 
good affinity towards Al (KD = 12 jiM) and A2B recep¬ 
tors (KD = 13 JiM), while A3 receptors are bound with 
lower affinity (KD = 80 jiM). All adenosine receptors are 
G protein-coupled receptors, and their stimulation leads 
to modifications involving the activity of adenylyl cyclase, 
phospholipase C, phospholipase D as well as changes in 
the gating state of Ca 2+ and K + channels, eventually trig¬ 
gering the biological effects of adenosine (Fredholm et al. 
1999). Caffeine effects can, therefore, be considered as 
resulting from the counteraction of such neurochemical 
cascade (Fig. 1). The participation of non-adenosinergic 
mechanisms in caffeine effects, particularly upon intake of 
high doses, may however exist. 

Mechanisms of Action: Central Effects 

The Al and A2A receptors are those mainly involved in 
mediating caffeine-induced central effects, since next to 
bearing a good affinity for caffeine, they are also highly 
enriched in the brain. In this regard, experimental evidence 
has suggested that, although caffeine leads to a combined 
A1/A2A receptor blockade, either receptor subtype may 
acquire particular importance in mediating a specific 
effect of caffeine. Caffeine discriminative effects appear 
mostly dependent on Al receptors, while A2A receptors 
seem to govern caffeine-induced arousal, increased alert¬ 
ness, and neuroprotection (Higgins et al. 2007; Schwarzs - 
child and Ascherio 2004). Adenosine receptor subtypes 
other than Al and A2A appear scarcely relevant to 
caffeine central effects, as A3 receptors display a poor 
affinity for caffeine (see above) and A2B receptors 
are negligibly stimulated by brain adenosine under 
physiological conditions. 

The existence of profound functional interactions be¬ 
tween adenosine and other neurotransmitters appears of 
paramount importance to the manifestation of the central 
effects of caffeine. In particular, the cross-talk between 
adenosine and the dopaminergic transmission, whose 
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Caffeine. Table 1 . Overview of the effects of caffeine on different organs and physiopathological functions. 


Organ or physiopathological function Effects of caffeine 


Central and peripheral nervous system 

Analgesia 

Modification in EEG activity 

Neuroprotection a,b 

Pro-convulsant effects 0 

Psychostimulation and rewarding effects 

Psychiatric-like effects 0 

Stimulation of catecholamine release 

Stimulation of respiration 

Eye 

Elevation in intraocular pressure 0 

HPA axis 

Stimulation of the secretion of adrenocorticotropin and cortisol 

Cardiovascular system 

Acceleration of heart rhythm 

Increase in blood pressure 

Pro-arrhythmogenic activity 0 

Vasocostrinction and/or vasodilation 1 

Lung 

Relaxation of bronchial smooth muscle 

Gastrointestinal tract 

Depression of lower esophageal sphincter pressure 

Stimulation of gastric acid secretion 

Stimulation of intestine motility 0 

Liver 

Modifications in the activity of ALT, AST and GGT enzymes 5 

Kidney 

Increase in renin secretion 

Stimulation of diuresis 

Skeletal Muscle 

Increased muscular endurance 

Stimulation of muscular contraction 01 

Bone 

Detrimental influence on bone mass 0 

Gonads and gametocytes 

Modulation of circulating levels of sexual hormones 3,5 

Interference with oocyte maturation d,f 

Interference with spermatozoa motility and capacitation d,f 

Immune system 

Modulation of the production of antibodies, cytokines and other mediators of 
inflammation 3 ' 01,6 

Modulation of leukocytes count and function 3 ' 01,6 

Metabolic effects 

Stimulation of thermogenesis and lipolysis 

Increase in the levels of cholesterol 3,5 

Influence on glucose tolerance and insulin sensitivity 6,9 

Carcinogenesis 

Modulation of carcinogenesis 3,5,d,h,J 

Mutagenesis 

Interference with DNA repair mechanisms 01 

Teratogenesis 

Teratogenetic effects 3 


a Effect observed in experimental animals 

b Effect hypothesized in humans based on epidemiological studies 

c Effect observed at very high doses, or in individuals bearing either a pre-existing susceptibility or a pre-existing condition (disease, unbalanced 
diet) favoring the manifestation of the effect 
d Effect observed in vitro 

e Both a facilitation and an impairment of this effect have been described in the literature, and results may differ between acute and chronic intake 
f lnterspecies differences in this effect have been described 

9 An inverse association between caffeine consumption and type II diabetes has been suggested by epidemiological studies 

h An inverse association between caffeine consumption and different type of tumors has been suggested by epidemiological studies 

'Effects may vary according to the vascular district examined 

j Both anti- and pro-carcinogenetic effects have been described at the preclinical level according to the type of the tumor considered 
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Central effects 


Transduction mechanisms 




Increase 

Wakefulness 

Perception of stimuli 

Alertness/attention 

Discrimination 

Reward 


Decrease 

Fatigue 

Sleep 

Neurodegeneration 


Adenylyl cyclase 
Phospholipase C 
Phospolipase D 
Ca + channel 
K + channel 






Caffeine 



1,3,7-trimethylxanthine 



Caffeine. Fig. 1 . Summary of caffeine chemical structure, receptor binding, transduction mechanisms and central effects. 


activation is critically involved in promoting psychomo¬ 
tor stimulation, seems crucial to caffeine-elicited psychos¬ 
timulant effects (Cauli and Morelli 2005). Thus, opposite 
functional interactions between adenosine receptors and 
► dopamine receptors have been demonstrated in both 
animal and human brain (Fredholm and Svenningsson 
2003). Stimulation of adenosine receptors depresses do¬ 
paminergic transmission while adenosine receptor blockade 
amplifies it (Ferre et al. 1997). Caffeine, by antagonizing 
adenosine receptors, boosts dopaminergic transmission, 
and rodent studies have substantiated the relevance of 
such a mechanism to caffeine’s neurobehavioral effects. 
In this regard, an attenuation in caffeine-elicited psycho- 
motor stimulation has been described in mice bearing 
a genetic deletion of either the D2 receptor or the phos- 
phoprotein ► DARPP-32, a key second messenger in do¬ 
pamine receptor-mediated signal transduction (Fisone 
et al. 2004; Zahniser et al. 2000). Interactions between 
adenosine and neurotransmitters other than dopamine, 
such as ► glutamate, ► serotonin, ► acetylcholine, and 
histamine, also exist in the brain which may be important 
to caffeine-induced central effects. In particular, adeno¬ 
sine-glutamate interactions have been suggested to par¬ 
ticipate in caffeine-elicited psychostimulant effects and to 
underlie the neuroprotective effects of caffeine (Schwarzs- 
child and Ascherio 2004). 


Experimental Paradigms 

Several experimental models exist that are suited to the 
investigation of the biological effects of caffeine. These may 
involve either in vitro paradigms, widely used to evaluate 
the effects of caffeine on cell cycle, or in vivo models, 
employed to study caffeine-induced effects at both the 
peripheral and central level. The latter models can address 
the influence of caffeine on phenomena such as diuresis, 
metabolic and heart function, and neurotoxicity. The ma¬ 
jority of the studies concerned with caffeine, however, 
use models aimed at investigating its effects on brain func¬ 
tion. Such paradigms evaluate the capability of caffeine in 
modifying the behavioral performance of animals, mainly 
rodents, and they can be paired with complementary tech¬ 
niques (e.g., ► microdialysis) aimed at elucidating the 
changes in brain neurochemistry triggered by caffeine. 

Thus, the magnitude of caffeine-elicited motor activity, 
whose increase is an index of psychostimulation, is largely 
measured as parameter reflecting the gross psychostimu¬ 
lant effects of caffeine. Next to this, caffeine influences 
► conditioned place preference and ► intracranial self¬ 
stimulation, two paradigms useful to investigate drug- 
induced positive rewarding effects. Furthermore, caffeine 
affects animals’ performance in different ► drug discrim¬ 
ination and taste preference paradigms, reflecting caf¬ 
feine’s influence on the perception of stimuli. Finally, 
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Caffeine. Table 2. Biological targets of caffeine. 


Target 

Action 

Range of effective concentrations (mM) a 

Adenosine Al and A2A receptors 

Antagonism 

0.01-0.1 

GABAA receptors 

Antagonism 

0.1-10 

Glycogen phosphorilase enzymes 

Inhibition 

0.25-2 b,c 

Na + /K + Pump 

Stimulation 

0.1-10 

Phosphodiesterases isoenzymes 

Inhibition 

0.1-6 d 

Phosphoinositides 

Inhibition of metabolism 

0.5-5 

Ryanodine sensitive Ca 2+ receptor 

Activation of Ca 2+ release 

1-10 


a Plasmatic concentrations of caffeine attained after recreational consumption of moderate amounts of the substance are estimated to be 

considerably below 0.1 mM 

b May significantly drop in the presence of glucose 

differences may exist between liver and muscle enzymes 

d May significantly vary among different isoforms 


the ability of caffeine in influencing the execution of tests 
aimed at evaluating either memory or attention can be 
used to study the effects of caffeine on cognitive perfor¬ 
mance (►rodent models of cognition). Either acute or 
chronic changes in animals’ behavior as measured by 
means of the above paradigms can also be used to ascertain 
whether, and to what extent, exposure to caffeine modulates 
the effects elicited by other psychoactive substances. Finally, 
the study of the conditions favoring the instatement and 
maintenance of a caffeine consumption habit ( ► caffein- 
ism) is also possible in animals. This can be performed in 
either rodents or primates by means of the ► drug self¬ 
administration paradigm (Fredholm et al. 1999). 

Human Paradigms 

The majority of the investigations dealing with the effects 
of caffeine in humans are concerned with its ► psychos¬ 
timulant and rewarding effects. The conditions under 
which caffeine delays the need for sleep and promotes 
alertness in sleep-deprived individuals are extensively inves¬ 
tigated and so are the effects of caffeine on mood and on the 
execution of mental tasks. Such investigations usually em¬ 
ploy a single administration or a brief multiple exposure 
to caffeine, and are often paired with electroencephalo- 
graphic analysis ( ► electroencephalography) to examine 
the pattern of caffeine-induced neuronal activation. More¬ 
over, investigations can be conducted to address either the 
features of ► caffeine withdrawal syndrome ( ► withdraw¬ 
al syndromes) or the influence of caffeine intake on the 
neurobehavioral effects of other centrally active substances. 
Peripheral effects of caffeine can be evaluated in humans as 
well, and consumption of caffeine is usually included as a 
variable in epidemiological studies, in light of the wide¬ 
spread diffusion of this habit (Fredholm et al. 1999). 


Pharmacokinetics 

Caffeine is rapidly and nearly completely absorbed after 
oral intake. In adult healthy humans, caffeine reaches its 
plasmatic concentration peak within 0.5-2 h from inges¬ 
tion. Plasmatic ► half-life of caffeine is estimated for 2- 
10 h in young adults and elders, while it is higher in 
neonates and infants, due to the incomplete development 
of metabolic pathways in these subjects. As it displays 
lipophilic properties, caffeine crosses the ► blood-brain 
barrier and can reach the brain at high concentrations. 
Furthermore, caffeine penetrates the placenta, thus reach¬ 
ing the fetus. Significant levels of caffeine can be also 
detected in milk and saliva. 

Caffeine is mainly metabolized by the ► cytochrome 
P-450 hepatic enzymes. Several active caffeine metabolites 
have been isolated, the major being theophylline, theo¬ 
bromine, and paraxanthine, and interspecies differences 
in caffeine metabolism exist. Many of caffeine metabolites 
display a pharmacological profile close to the one of their 
parent compound, and can participate in caffeine effects. In 
humans, the main metabolic pathway of caffeine involves 
its degradation to paraxanthine which is catalyzed by the 
CYP1A2 subform of the P-450 enzymes. 

Conditions influencing the function of P-450 enzymes 
can profoundly impact the metabolism and, accordingly, 
the ► pharmacokinetics of caffeine. Caffeine plasmatic 
half-life is increased by diseases depressing hepatic meta¬ 
bolic activity (e.g., cirrhosis) and by agents that are meta¬ 
bolized by, or that inhibit, the CYP1A2 (e.g., cimetidine, 
► disulfiram, estrogens). Conversely, a reduction in caf¬ 
feine half-life is caused by agents capable of inducing 
P-450 enzymes (e.g., ► carbamazepine, rifampicin, ciga¬ 
rette smoke) (Fredholm et al. 1999; Magkos and Kavouras 
2005). 
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Toxicological and Adverse Effects 

Consumption of caffeine is considered a safe habit, 
since the lethal dose of the substance is very high (at least 
100 mg/kg). Nevertheless, cases of either poisoning or ana¬ 
phylaxis induced by caffeine have been reported, and ad¬ 
verse effects may be associated with recreational caffeine 
consumption. Irritability, anxiety, psychotic-like symptoms, 
and increased susceptibility to seizures have been described 
in caffeine consumers. These effects are likely manifested in 
the presence of a pre-existing individual susceptibility; 
hence, their incidence is negligible though it can increase 
when caffeine is consumed at high doses. In addition, 
caffeine elevates blood pressure and can, at times, trig¬ 
ger alterations in heart rhythm (Higdon and Frei 2006). 
Rodent studies have suggested that caffeine consumption 
during pregnancy might promote teratogenesis, but this 
hypothesis has not been proven conclusively in humans. 
Similarly, neither has caffeine intake been convincingly 
demonstrated to increase the risk of abortion. However, 
moderation in caffeine consumption is advisable in preg¬ 
nant women to prevent the fetus from being reached by 
caffeine which could exert adverse effects on it. 

Caffeine can influence the pharmacological effects of 
several drugs. This may happen through mechanisms in¬ 
volving metabolism (see above), clearance (e.g., lithium), 
absorption (e.g., oral iron supplements), or pharmacody¬ 
namic amplification of other drugs’ effects (e.g., ephedrine). 
In its recreational use, caffeine is often associated with other 
psychostimulants, as amphetamine analogs, to increase 
their effects, or to alcohol, to counteract alcohol depressive 
effects and hangover. In both cases, use of caffeine may 
produce severe side effects by raising the toxicity of amphet¬ 
amine analogs (e.g., ► MDMA) or letting the alcohol 
consumer to increase the assumption of alcohol up to 
toxic doses. 

Use as a Medication 

The major uses of caffeine as a medication are as analge¬ 
sic for the treatment of headache and as a respiratory 
stimulant for the management of postpartum apnea in 
premature neonates. Furthermore, due to its lipolitic and 
thermogenetic properties, caffeine is an adjuvant in topic 
anti-cellulite preparations and its use has been suggested 
for the treatment of obesity. The use of caffeine to coun¬ 
teract some aspects of ► akinesia and tremor associated 
with Parkinsons disease has also been proposed. 

Use as a Research and Diagnostic Tool 

Caffeine is widely employed in biomedical research. Thus, 
caffeine is a standard molecule in studies investigating 
the pharmacology of adenosine receptors, due to its 


reduced cost and good solubility in physiological 
mediums. Furthermore, activation of the ryanodine recep¬ 
tor, which modulates Ca 2+ release from intracellular 
stores, by caffeine is exploited to investigate muscular 
physiopathology and mechanisms of cellular Ca 2+ turn¬ 
over. Caffeine is also used in biopharmaceutical studies 
evaluating the permeability of the skin and artificial skin- 
like membranes, due to its well-characterized biophysical 
properties. Measurement of the clearance of caffeine and/or 
its metabolites is employed to estimate hepatic and/or renal 
functionality, while quantification of caffeine degradation 
to paraxanthine is used as a phenotypic marker for the 
CYP1A2 enzyme. Moreover, changes in the susceptibility 
of the skeletal muscle to caffeine-induced contraction are 
evaluated as a diagnostic parameter for malignant hyper¬ 
thermia. 

Conclusion 

Caffeine is one of the most popular psychostimulant 
substances in the world. Although caffeine consumption 
is generally not associated with harmful consequences, 
moderation in caffeine intake is advisable to selected 
categories of individuals, such as pregnant women or 
persons particularly susceptible to its adverse effects. Fi¬ 
nally, the ability of caffeine in interfering with the effects 
of centrally active substances, including addictive psy¬ 
chostimulants, may represent a further risk factor asso¬ 
ciated with its consumption. 

Cross-References 

► Caffeinism 

► Conditioned Place Preference and Aversion 

► Conditioned Taste Aversion and Preference 

► Drug Discrimination 

► Electroencephalography 

► Intracranial Self-Stimulation 

► Microdialysis 

► Neuroprotection 

► Pharmacodynamic Tolerance 

► Psychomotor Stimulants 

► Rodent Models of Cognition 

► Self-Administration of Drugs 

► Withdrawal Syndromes 
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Caffeine Intoxication 

► Caffeinism 


Caffeine "Jitters" 

► Caffeinism 


Caffeine Withdrawal Syndrome 

Synonyms 

Caffeine abstinence 

Definition 

Condition that follows the discontinuation of caffeine 
intake and that is characterized by symptoms such as 
fatigue, headache, irritability, depressed mood. Symptoms 
of caffeine withdrawal syndrome are not necessarily man¬ 
ifested all at the same time and their intensity may 


considerably vary among different individuals. Caffeine 
withdrawal syndrome is usually not harmful; it is self- 
limiting and can be manifested by both moderate and 
heavy caffeine consumers. 

Cross-References 
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Synonyms 

Caffeine intoxication; Caffeine “jitters”; Coffee nerves 

Definition 

Caffeinism is a complaint encompassing a variety of un¬ 
pleasant mental and physical symptoms associated with 
the consumption of excessive amounts of ► caffeine. 
Symptoms primarily result from exaggerated stimulation 
of the central nervous system or other organ systems and 
are not due to a general medical condition or another 
mental disorder. Symptoms can cause clinically signifi¬ 
cant distress or impairment in social, occupational, or 
other important areas of functioning. Symptoms resolve 
when caffeine ingestion is discontinued, and caffeine is 
metabolized and eliminated from the body. 

Role of Pharmacotherapy 

Caffeine is generally accepted as the most widely con¬ 
sumed drug in the world. It is naturally present in coffee 
and tea, the most popular beverages in the world, and in 
cocoa, chocolate, and a number of other plants consumed 
around the world. It is added to a variety of soft drinks, 
especially “cola” drinks, and is a major component of the 
growing category of “energy drinks” sold as dietary sup¬ 
plements. Caffeine is also a component of many over-the- 
counter and prescription drugs. Its consumption and use 
is so widespread, and caffeine-containing beverages are so 
much a part of social culture around the world, that 
caffeine is seldom thought of as a drug. However, it is a 
drug with widespread effects throughout the body. 

In its many forms this drug is most often consumed 
for its properties as a central nervous system stimulant 
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(►Psychomotor Stimulants). In moderate doses, it is 
used to reduce physical fatigue, to prevent drowsiness 
and sleep, and to maintain and restore mental alertness 
and wakefulness. However, at higher doses, these stimula¬ 
tory effects can become excessive and lead to an unpleas¬ 
ant and dysphoric physical and mental state that is labeled 
caffeinism and is also known colloquially as “coffee 
nerves” or “caffeine jitters.” 

Symptoms 

The common symptoms of caffeinism are essentially 
exaggerations of the effects that are sought after by those 
who ingest caffeine and are similar to the effects of over¬ 
dose of other stimulant drugs. Caffeine overdose results in 
a state of central nervous system overstimulation, with 
symptoms that include restlessness, nervousness, excite¬ 
ment, and irritability. People may report feeling jittery or 
“wired” with “racing thoughts” and have difficulty falling 
asleep or returning to sleep if awakened. Physical symp¬ 
toms can include flushing of the face, increased urination, 
gastrointestinal disturbances, muscle twitching, and irreg¬ 
ular or rapid heart beat. These symptoms can result either 
from acute overdose or from chronic consumption of high 
doses over extended periods of time. 

The acute form is perhaps best described as “caffeine 
intoxication,” which occurs following consumption of an 
unusually large caffeine dose within a short period of 
time. This could occur when an individual who is inexpe¬ 
rienced with caffeine ingests several cups of coffee, energy 
drinks, or caffeine tablets, perhaps in an effort to stay 
awake and alert and to ward off sleep, or to “get a buzz.” 
Acute intoxication can also occur in habitual caffeine 
consumers, when the doses of caffeine ingested are 
much higher than normal. A few extra cups of coffee 
consumed to meet a deadline can produce symptoms of 
intoxication even in a regular coffee drinker. 

Chronic ingestion over long periods of time can also 
produce symptoms that are labeled caffeinism. Heavy 
coffee drinking has been associated with symptoms that 
were initially diagnosed as generalized anxiety or ► panic 
attacks (James 1991; Lane 1987). Later examination of 
the patients’ histories indicated that anxiety or panic 
symptoms began after the patient started drinking 
10-12 cups of coffee or more every day. In each case, 
symptoms disappeared shortly after caffeine intake was 
discontinued. Another report described long-term low- 
grade fever accompanied by ► insomnia, anorexia, and 
irritability in a woman who drank 15-18 cups of coffee 
every day, whose symptoms disappeared after she severely 
restricted her caffeine intake. Caffeinism associated with 
chronic ingestion also includes the symptoms that result 


from the ► physical dependence on caffeine that develops 
over time. In the habitual heavy consumer, symptoms of 
caffeine ► withdrawal, including headache, fatigue and 
sleepiness, mental fogginess and difficulties concentrat¬ 
ing, depression, and irritability can appear when regular 
patterns of caffeine ingestion are disrupted, in as little as 
12 h after the last dose (of caffeine). 

Mild or occasional symptoms of caffeine overdose 
may cause few disruptions to the quality of life for the 
caffeine consumer. However, the American Psychiatric 
Association currently recognizes several mental health 
disorders related to caffeine in the ► Diagnostic and Sta¬ 
tistical Manual of Mental Disorders (DSM-IV-TR), which 
can be clinically significant to mental health. Of these, 
“Caffeine Intoxication” is the disorder most closely 
related to caffeinism as described here. According to the 
DSM-IV-TR, the essential feature of Caffeine Intoxication 
is the recent consumption of caffeine. This diagnosis 
requires the presence of at least five signs or symptoms, 
from a list of 12, that develop during or shortly after 
caffeine use. (American Psychiatric Association 2000) 
The signs and symptoms are divided into one group 
that can appear after an intake of as little as 100 mg of 
caffeine (roughly the amount contained in a cup of 
brewed coffee) and another group of symptoms that ap¬ 
pear at higher levels of intake (more than 1 g per day). 
Low-dose symptoms include “restlessness, nervousness, 
excitement, insomnia, flushed face, diuresis (increased 
urination), and gastrointestinal disturbance.” Symptoms 
associated with high doses of caffeine include “muscle 
twitching, rambling flow of thought and speech, tachycar¬ 
dia and cardiac arrhythmia, periods of inexhaustibility, 
and psychomotor agitation.” In order to meet the diagno¬ 
sis of caffeine intoxication, these symptoms must cause 
“clinically significant distress or impairment in social, 
occupational, or other important areas of functioning.” 
Symptoms cannot be due to a general medical condition 
or be better explained by another mental disorder. This 
diagnosis does not distinguish between symptoms of 
acute overdose and of chronic ingestion. 

DSM-IV-TR includes two other caffeine-related diag¬ 
noses associated with chronic ingestion of caffeine. The 
diagnosis of “Caffeine-Induced Anxiety Disorder” recog¬ 
nizes that consumption of large amounts of caffeine over 
time induces in some individuals symptoms that are 
indistinguishable from anxiety sufficiently severe to war¬ 
rant clinical attention. This disorder can take many forms, 
including generalized anxiety disorder, panic attacks 
(Panic), obsessive-compulsive symptoms (►Obsessive- 
Compulsive Anxiety Disorders), and phobic symptoms. 
The diagnosis of “Caffeine-Induced Sleep Disorder” 
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recognizes that the sleeplessness associated with caffeine 
ingestion at high doses over time can produce significant 
disruptions of sleep (Insomnia). Although insomnia may 
be the typical complaint, some individuals present with a 
complaint of excessive daytime sleepiness related to caf¬ 
feine withdrawal. Here again, symptoms must be asso¬ 
ciated with recent or ongoing caffeine ingestion and 
cannot be explained by other medical conditions or men¬ 
tal disorders. The World Health Organization (1993) also 
recognizes the potential for caffeine-related mental disor¬ 
ders in the ► ICD-10, although caffeine is grouped with 
all stimulants other than cocaine. As a result, no caf¬ 
feine-specific symptoms are mentioned in the diagnostic 
criteria. The signs and symptoms that are associated with 
the diagnosis of “Acute intoxication” include most of 
those listed in the DSM-IV, but also include many that 
have not commonly been associated with caffeine inges¬ 
tion. The ICD-10 does recognize that physical dependence 
on caffeine and caffeine withdrawal are potential mental 
disorders that can disrupt daily living. However, the diag¬ 
nostic criteria are general and do not include the specific 
symptoms known to be caffeine-related. 

Risk Factors 

Although many of the symptoms of caffeinism are dose- 
dependent, the dose of caffeine consumed is not the only 
factor that determines whether symptoms appear or not. 
There is no consensus about what constitutes an “over¬ 
dose” of caffeine, and there is no accepted minimum dose 
that is certain not to produce symptoms in any individual. 
As the DSM-IV-TR (American Psychiatric Association 
2000) states, some symptoms of caffeine intoxication 
can appear after acute doses of only 100 mg (one cup of 
coffee), yet other sources suggest that doses of 300-500 mg 
are necessary. 

Caffeine can be consumed in many beverages, foods, 
medications, and dietary supplements. These vary widely 
in the amount of caffeine present in a “standard serving.” 
Not all sources are equally likely to promote the develop¬ 
ment of caffeinism. Coffee is probably the beverage most 
often associated with symptoms of acute and chronic 
caffeine overdose, because it provides the highest dose of 
all foods and beverages. A typical 8-ounce cup of coffee 
might contain 125 mg of caffeine, although the dose varies 
widely. By contrast, a cup of brewed tea contains less than 
half as much caffeine, and 12-ounce servings of caffeinat- 
ed soft drinks contain roughly one-third the caffeine. In 
amounts normally consumed, cocoa and chocolate con¬ 
tain even smaller doses. Coffee is also the most likely cause 
of caffeinism because of its growing popularity and its 
place as a primary social beverage in many settings. The 


fact that serving sizes have increased over the years from 
5 or 6 ounces in a cup to 24 ounces or more at neighbor¬ 
hood coffee houses and convenience stores only serves to 
increase the likelihood that coffee drinking will lead to 
symptoms of overdose. However, consumption of the so- 
called “energy drinks” sold as dietary supplements is a 
growing risk factor, as the popularity of these drinks 
increases. Unlike soft drinks, the caffeine content of 
these beverages is not commonly restricted, and some 
brands contain over 350 mg of caffeine per serving. Man¬ 
ufacturers are not required to put the caffeine dose on the 
label. This can create special problems for the adolescents 
targeted by marketing, who often have little prior experi¬ 
ence with caffeine. 

At least three other factors interact with dose to deter¬ 
mine vulnerability to caffeinism. The first is individual 
sensitivity to caffeine. Chronic ingestion of caffeine leads 
to the development of tolerance to the drug ( ► Pharma¬ 
codynamic Tolerance), as the nervous system and body 
adapt to the continued presence of the drug. When toler¬ 
ance develops, the same dose has less effect, which should 
reduce the risk of caffeine intoxication. However, toler¬ 
ance provides little protection when caffeine doses are 
acutely increased. Caffeine sensitivity also varies as a 
function of how quickly caffeine is eliminated from the 
body (►Pharmacokinetics). For example, genetic differ¬ 
ences are known to produce slow and fast eliminators. 
Concurrent use of some other common medications, in¬ 
cluding oral contraceptives, has been shown to interfere 
with caffeine metabolism and slow elimination. Those 
who eliminate the drug more slowly experience higher 
drug concentrations for longer periods of time after con¬ 
suming caffeine , which increases the risk of symptoms. A 
second factor is the presence of other psychiatric conditions 
(James 1991). The risk for caffeine intoxication is thought 
to be much greater in those individuals who are already 
susceptible to anxiety, panic disorder, or other mood 
disorders. In these individuals, caffeine appears to aggra¬ 
vate an underlying susceptibility. Finally, exposure to 
stress may increase the risk of caffeinism (Lane 1987). In 
some studies, increased stress in daily life was associated 
with increases in the consumption of caffeine. Further¬ 
more, caffeine has been shown to exaggerate the impact of 
stress on mood and physiology, which could aggravate the 
symptoms that define the disorder (Lane et al. 1990). 

Epidemiology 

Little is known about the prevalence of caffeinism in the 
general population (Iancu et al. 2007). Although most 
people are familiar with the disorder, it probably remains 
underdiagnosed, because patients are rarely questioned 
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about the use of caffeine. Few surveys have been drafted to 
determine the proportion of the general population who 
have experienced caffeinism symptoms. These limited 
results suggest that 10-20% of the general population 
met the criteria for Caffeine Intoxication (DSM-IV-TR) 
in the previous year. Surveys also suggest that those who 
use caffeine to enhance academic or professional perfor¬ 
mance or to maintain alertness for extended periods of 
time will tend to use more of the drug and be at greater 
risk of caffeinism. 

Prevention and Treatment 

Both the prevention and treatment of caffeinism depend 
simply on reducing the levels of caffeine present in the 
body, either acutely or chronically. This depends on re¬ 
duction of caffeine ingestion and the passage of sufficient 
time for metabolic elimination of caffeine in the body. 

Control of caffeine intake requires awareness of the 
caffeine content of caffeinated beverages, over-the- 
counter drugs, and other sources of caffeine in the diet. 
Such information is not easy to obtain. The content of 
brewed beverages such as coffee and tea varies greatly 
based on the method of preparation (James 1991). 
There can be no standard value for “a cup of coffee.” 
The caffeine content of soft drinks and energy drinks 
can be difficult to determine, because the labels do not 
indicate the dose per serving. Caffeine doses in these 
beverages range from 20 to 30 mg in some soft drinks, 
up to 350 mg or more in some energy drinks. Although 
some Internet web sites report caffeine content for bev¬ 
erages, official lists are not available and the number of 
brands continually grows. 

It is possible to eliminate caffeine from the diet by 
abruptly quitting all consumption of caffeine-containing 
products (“going cold turkey”). This approach is not 
recommended, because the resulting symptoms of caf¬ 
feine ► withdrawal (► Withdrawal syndromes), including 
headache, fatigue, and difficulty concentrating, can be so 
unpleasant that the attempt fails. Gradual reductions in 
caffeine use are recommended to avoid withdrawal. Be¬ 
cause caffeinated beverages are often a regular part of 
daily life, it is essential to break the habits associated 
with caffeine ingestion and consciously substitute with 
uncaffeinated alternatives. Programs based on techniques 
of behavior management have proved successful, al¬ 
though few clinical trials have been conducted to deter¬ 
mine the best procedures (James 1991). 

Cross-References 
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' cAMP 

Synonyms 

Cyclic-adenosine monphosphate 

Definition 

Cyclic-adenosine monphosphate (cAMP) is a major 
intracellular second messenger generated by adenylate 
cyclase. Many GPCRs either stimulate or inhibit adenylate 
cyclase, depending on the specific G-proteins they interact 
with. cAMP stimulates activation of protein kinase A and 
also directly binds to other proteins, including some ionic 
channels to modulate their function in the cell. 


Campral 

► Acamprosate 


Cannabinoid Receptors 

Definition 

A family of receptors (with two current members) that a part 
of the ► G-protein-coupled receptor superfamily. They 
are activated by the cannabinoids and endocannabinoids. 


Cannabinoids 

Definition 

Refers to a group of substances or compounds that are 
structurally related to tetrahydrocannabinol (THC), the 
primary psychoactive compound in cannabis. 

Cross-References 

► Cannabinoids 

► Classification of Psychoactive Drugs 


Cannabinoids and Endocannabinoids 

Cecilia J. Hillard 

Department of Pharmacology and Toxicology, Medical 
College of Wisconsin, Milwaukee, WI, USA 

Synonyms 

Cannabinoids 


Definition 

In the strictest sense, ► cannabinoids are alkaloids that are 
present in the Cannabis sativa plant. However, the word 
cannabinoid is often used to refer to all chemicals (syn¬ 
thetic and natural) that bind to ► cannabinoid receptors. 
Endocannabinoids are cannabinoid receptor ligands that 
are present in biological tissues and function as endoge¬ 
nous agonists of the cannabinoid receptors. 

Pharmacological Properties 

History 

The unique pharmacological properties of the prepara¬ 
tions of Cannabis sativa plant have been recognized for 
thousands of years. There is evidence that Cannabis was 
cultivated in China as early as 4,000 B.C. for multiple 
purposes, including its use as a food and medicinal agent. 
In India, the use of Cannabis for medicinal purposes began 
approximately 1,000 BC. Cannabis extracts were used by 
these cultures to reduce pain, seizures, anxiety, mania and 
muscle spasms, and to stimulate appetite. 

The introduction of Cannabis to Western medicine 
occurred in the mid-19th century through the writings of 
William B. O’Shaughnessy, an Irish physician, who became 
aware of indigenous use of Cannabis plant during 
his service under the British in India. O’Shaughnessy 
reported the beneficial therapeutic effects of Cannabis 
for convulsions and muscular spasms caused by rabies 
and tetanus. Jacques-Joseph Moreau, a French psychiatrist, 
also discovered Cannabis during his travel in the Far East 
and studied its psychological effects in himself and his 
students. Moreau published his observations regarding 
the use of Cannabis as an experimental psychotomimetic 
in Du Hachisch et de FAlientation Mentale: Etudes Psy- 
chologiques (1840). 

The beginning of the modern era of cannabinoid 
pharmacology is ascribed to the 1964 publication by 
Gaoni and Mechoulam of the structure of the psychoac¬ 
tive chemical in Cannabis , A 9 -tetrahydrocannabinol 
(THC), together with a method for its isolation from 
the plant. A body of scientific literature was published 
between 1965 and 1986 that focused on the pharmacolog¬ 
ical and cellular effects of THC. Among the important 
contributions of this era was the codification of a tetrad of 
THC effects in rodents (analgesia, reduction in body 
temperature, catalepsy, and spontaneous activity) that 
was used to characterize the cannabinoid activity of an 
extensive library of THC structural analogs. Levonantra- 
dol was found to mimic the effects of THC, although with 
higher potency, it was used to provide the first biochemi¬ 
cal evidence that THC-like molecules inhibit adenylyl 
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cyclase activity with characteristics that indicated the in¬ 
volvement of a ► G-protein coupled receptor (GPCR). In 
1990, the cloning and sequencing of the cannabinoid 
receptor was reported, confirming both its membership 
in the GPCR superfamily of receptors and its identity as a 
high-affinity binding site for THC. This receptor, now 
referred to as the CB1 ► cannabinoid receptor (CB1R), 
is the protein product of the Cnrl gene. Biochemical 
studies of the ability of THC to activate the CB1R indi¬ 
cated that THC had surprisingly low efficacy at the CB1R. 
In other words, although THC binds to the CB1R with 
high affinity, the THC-bound receptor has a limited abil¬ 
ity to activate signaling. As a consequence, THC functions 
as an antagonist at CB1R that are activated by endogenous 
ligands and as an agonist at CB1R that are not endoge¬ 
nously activated. 

Devane, Mechoulam, and colleagues isolated and 
identified N-arachidonylethanolamine (AEA, also called 
anandamide) as an endogenous ligand of the CB1R. Sev¬ 
eral years later, 2-arachidonoylglycerol (2-AG) was identi¬ 
fied as a second endogenous ligand of the CB1R. The term 
“endocannabinoid” is used to refer to these two endoge¬ 
nous, cannabinoid receptor ligands. AEA is the ethanola- 
mide of arachidonic acid, whereas 2-AG is the glycerol 
ester of arachidonic acid. Both are found in the brain 
and in the circulation; both bind and activate the CB1R 
at a binding site that overlaps with that of THC. AEA is a 
partial agonist of the CB1R and 2-AG is a full agonist. 

Mechanisms of AEA Biosynthesis and Catabolism 

AEA is a minor member of a family of ethanolamides 
of fatty acids (N-acylethanolamines; NAEs). The immedi¬ 
ate precursor of AEA and other members of the NAE 
family is N-acylphosphatidylethanolamine (NAPE), a 
low-abundance membrane phospholipid that is most 
likely synthesized via the actions of a poorly understood 
transacylase. NAPE is subsequently hydrolyzed to NAE via 
either a single enzymatic step (NAPE-phospholipase D; 
NAPE-PLD) or via a two-step process recently described 
by Simon and Cravatt (2008). Very little is currently 
known about the regulation of these enzymatic processes. 
There is evidence that increased intracellular calcium can 
increase AEA biosynthesis; however, whether this is of 
biological significance is not clear. 

AEA is degraded in the brain by ► fatty acid amide 
hydrolase (FAAH). FAAH-mediated catabolism is a pri¬ 
mary mechanism by which brain AEA concentrations are 
regulated. FAAH is largely constitutively active; the major 
mechanism for the regulation of FAAH appears to be at 
the level of its expression. For example, FAAH expression 
is increased by progesterone and leptin and decreased by 


► estrogen and glucocorticoids. Since FAAH is constitu¬ 
tively active, its inhibition would be expected to increase 
AEA concentrations and, thus, activate CB1R signaling. 
FAAH inhibitors would be expected to function as indi¬ 
rect agonists of the CB1R. 

Mechanisms of 2-AG Biosynthesis and Catabolism 

2-AG is synthesized from diacylglycerol (DAG) by an 
sn-1-acting DAG lipase (DGLa). DAG is a product of 
phospholipase C (PLC) hydrolysis of phosphorylated phos- 
phoinositides. All iso forms of PLC produce DAG and, thus, 
could result in 2-AG synthesis. In particular, mGluR acti¬ 
vates PLCfii and both mGluR and PLCBi are co-localized 
with DGLoc in dendrites in proximity to CB1R-expressing 
axons. This places 2-AG signaling downstream and under 
the control of ► glutamate signaling. 

The primary mechanism of 2-AG inactivation in the 
brain is via hydrolysis by monoacylglycerol lipase (MGL). 
MGL is present in brain regions in which the CB1R is also 
expressed, supporting the hypothesis that MGL regulates the 
amount of 2-AG available to activate the CB1R. A selective 
inhibitor of MGL increases the brain 2-AG content by eight¬ 
fold and produces cannabinoid-like behavioral effects (Long 
et al. 2009), supporting the notion that catabolism as well 
as synthesis regulates 2-AG concentrations and, thus, 
CB1R function. These data suggest that inhibitors of 
MGL function as indirect agonists of the CB1R. 

Localization of CB1 Receptors in the Nervous 
System 

The CB1R is present in the CNS but exhibits a heterogeneous 
expression pattern. The CB1R is present at extremely high 
density in the cingulate gyrus, frontal cortex, ► hippocam¬ 
pus, cerebellum, and the basal ganglia. Moderate receptor 
densities are found in the basal forebrain, ► amygdala, 

► nucleus accumbens, periaqueductal gray, and ► hypo¬ 
thalamus; low density is seen in the midbrain, pons, and 
medulla. Relatively little receptor is found in primary 
motor cortex or thalamus. Comparison of the expression 
profiles for CB1R protein and CB1R mRNA reveals several 
important distributional characteristics that have function¬ 
al consequences. In the forebrain, CBIRs are expressed at 
very high density in restricted number of neurons. These 
CB1R-expressing neurons project widely, resulting in a 
dense network of CBIR-positive processes. Double-labeling 
studies demonstrate that these highly expressing cells are 
GABAergic interneurons that also express the neuropeptide 

► cholecystokinin (CCK). Other neurons express the 
CB1R at lower densities; these neurons are more hetero¬ 
geneous and consist of non-CCK, GABAergic interneur¬ 
ons, and glutamatergic terminals. 
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Functional or anatomical evidence demonstrates 
that CB1R are also expressed by neurons in other regions 
of the nervous system. Within the spinal cord, CB1R 
are expressed by interneurons within the dorsal horn and 
on axon terminals of descending inputs into the dorsal 
horn. Primary sensory afferents express the CB1R at their 
terminals in the spinal cord and in the innervated tissues. 
CB1R are distributed throughout the enteric nervous sys¬ 
tem and their activation inhibits both intestinal motility 
and secretion — effects that are consistent with reports 
stating that Cannabis use reduces some of the signs and 
symptoms of irritable bowel disorder. CB1R agonists in¬ 
hibit neurotransmitter release from neurons in the ileum 
and vas deferens through a presynaptic mechanism. 

The CB1R is also expressed by non-neuronal cells in the 
CNS, including astrocytes, oligodendrocytes, and by endo¬ 
thelial and smooth muscle cells of the cerebral circulation. 

CB1R Signaling 

Activation of the CB1R results in the inhibition of adeny- 
lyl cyclase activity in most tissues and cells via activation 
of Gi-mediated signaling. In addition, CB1R activation is 
coupled with the activation of p42/p44 and p38 mitogen- 
activated kinases and Jun N-terminal kinase. CB1R acti¬ 
vation has also been linked to the activation of PLC and 
Akt signaling in some cells; through these pathways, 
CB1R activation can influence intracellular calcium con¬ 
centrations, protein kinase activities, and other signaling 
cascades that regulate cell growth and differentiation. 

Pertinent to its role in psychopharmacology, CB1R 
activity regulates short-term signaling in the brain. Activa¬ 
tion of CB1R present on axonal terminals results in an 
inhibition of the opening of voltage-operated calcium chan¬ 
nels. This results in a reduction in calcium influx in re¬ 
sponse to an action potential or other depolarization 
and underlies the role of ► endocannabinoid signaling in 
the regulation of synaptic strength. This property of 
the CB1R underlies an important role for endocannabi- 
noid/CBlR signaling in the retrograde regulation of syn¬ 
aptic transmission. Sustained glutamate release results in 
the mobilization of endocannabinoids from postsynaptic 
neurons, through increased intracellular calcium or acti¬ 
vation of mGluR. The released endocannabinoids act on 
presynaptic CB1R leading to short-term inhibition of 
neurotransmitter release. There are two versions of this 
type of synaptic inhibition: depolarization-induced sup¬ 
pression of excitation (DSE), which is characterized by a 
reduction in the release of glutamate and DSI, which is the 
reduced release of GABA. Though endocannabinoid- 
mediated DSI and DSE are transient, endocannabinoid 
signaling also underlies more persistent forms of synaptic 


plasticity. For example, long-term depression of inhibi¬ 
tion is mediated by endocannabinoid mobilization and 
activation of CB1R; it most likely involves a kinase signal¬ 
ing cascade, as CB1R activation results in long-lasting 
changes in neurotransmitter release. 

CB1R Pharmacology 

There are currently two preparations of CB1R agonists 
available in the US and a third preparation is in Phase III 
clinical trials. Marinol® is a synthetically prepared THC 
(also called ► dronabinol) that is used as an oral formu¬ 
lation. Nabilone, which is marketed in North America 
under the trade name Cesamet®, is structurally very 
similar to THC, but binds to the CB1R with higher 
affinity and efficacy than THC. In the USA, dronabinol 
and nabilone have been approved to treat chemotherapy- 
induced nausea and vomiting and to stimulate appetite in 
AIDS-related anorexia and weight loss. In addition, nabi¬ 
lone is often prescribed off-label as a treatment for chronic 
pain, particularly neuropathic pain. A third preparation, 
Sativex®, is a 1:1 combination of plant-derived THC and 
a second plant-derived cannabinoid, cannabidiol (CBD). 
There is good evidence that the presence of CBD in this 
preparation results in a reduction of adverse effects, par¬ 
ticularly anxiety that can occur with the use of THC 
alone. Sativex is formulated as an oral spray and is cur¬ 
rently approved in Canada and rapidly approaching ap¬ 
proval the UK for the treatment of pain and spasticity of 
multiple sclerosis and for cancer pain. Sativex is currently 
in Phase III trials in the US for the same indications. 

Several antagonists of the CB1R have been developed; 
the prototype is ► rimonabant (previously named 
SR141716 and SR141716A). Rimonabant is a reversible, 
competitive antagonist of the CB1R; it also has some 

► inverse agonist efficacy. Until late-2008, rimonabant 
was approved in Europe and the UK for the treatment 
of obesity, diabetes, and metabolic disorder under the 
trade name Acomplia®. In November 2008, Acomplia 
was withdrawn from the market because its use resulted 
in an unacceptable number of adverse psychiatric events. 
These events included depression, anxiety, and sleep dis¬ 
turbances. Rimonabant has not received US FDA approv¬ 
al, largely because of its profile of adverse effects. 

Potential Therapeutic Uses of Cannabinoids 
in Psychiatry 

Preclinical and human data support a possible therapeutic 
role for cannabinoid receptor ligands in the treatment of 

► anxiety, ► mood disorders, ► schizophrenia, and ad¬ 
dictive behaviors. In addition, evidence has accumulated 
that dysregulation of endocannabinoid/CBIR signaling 
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could contribute to the risk of the development of psychi¬ 
atric disorders. The therapeutic promise of cannabinoid- 
based therapeutics is hampered by adverse psychiatric 
effects; for ► agonists, these are cognitive impairment 
and for ► antagonists, the effects are depression and anx¬ 
iety. Unfortunately, most of the adverse effects of CB1R 
agonists and antagonists result from the activation or 
inhibition of CB1R signaling, not from an off-target 
mechanism. The CB1R does not exhibit subtypes that 
would be amenable to the development of drugs selective 
for the desired over-adverse effects. Although not current¬ 
ly available for use in humans, indirect agonists, including 
inhibitors of FAAH and MGL, will be arguably more 
selective as they will only enhance signaling through 
CB1R that are engaged by endocannabinoids. Preclinical 
studies with inhibitors of FAAH support this hypothesis. 

Anxiety 

There is considerable evidence that the activation of CB1R 
results in decreased ► anxiety in humans. This evidence 
includes the data that the most commonly cited reasons 
for recreational Cannabis use are relaxation and reduction 
in tension. Although Cannabis can also induce anxiety 
and panic in some individuals, anxiety reactions are more 
common in stressful environments, with high doses and 
in inexperienced users. A recent meta-analysis of four 
large clinical trials indicated that patients taking rimona- 
bant had a significantly greater increase in anxiety symp¬ 
toms while taking the drug than patients taking placebo 
(Christensen et al. 2007). Therefore, human experience 
with a cannabinoid receptor agonist (THC) and antagonist 
(rimonabant) support the hypothesis that endocannabi- 
noid signaling regulates anxiety in humans and suggest 
that activation of the CB1 receptor by endocannabinoids 
could produce anxiolytic effects. A functional single nucle¬ 
otide polymorphism (SNP) in FAAH (C385A; rs 324420) is 
associated with reduced FAAH stability and, therefore, has 
been hypothesized to result in increased AEA-mediated 
CB1R activation. Individuals who are homozygous for 
this SNP, exhibited decreased threat-related activation of 
the amygdala in a recent imaging genetics study (Hariri 
et al. 2008). This study suggests that genetic variation in 
endocannabinoid signaling could underlie individual risk 
for the development of anxiety-related disorders. 

Data from animal models of unconditioned anxiety 
support the hypothesis that activation or enhancement of 
endocannabinoid/CBIR signaling can produce a reduction 
in anxiety. This aspect of endocannabinoid signaling 
appears to be tonically “on” or easily activated since treat¬ 
ment of rodents in mildly aversive environments with CB1R 
antagonists enhances anxiety behaviors, whereas FAAH 


inhibition is anxiolytic. ► Conditioned fear is a model 
for certain types of anxiety disorders including post-trau¬ 
matic stress disorder (PTSD). It has been conclusively 
demonstrated that inhibition of CB1R signaling impairs 
the extinction of conditioned fear responses, whereas 
activation of CB1R signaling enhances extinction of fear 
responses (Lafenetre et al. 2007). Taken together, these 
preclinical studies suggest that activation of CB1R signal¬ 
ing could be very useful in the treatment of disorders in 
which recurrent, fearful memories occur, such as PTSD. 

Drug Addiction 

Current understanding of drug addiction strongly sug¬ 
gests that drugs with abuse liability share an interaction 
with brain circuits involved in motivated behavior and 
reward. In particular, drug-induced plasticity in the 
mesocorticolimbic circuit contributes to addiction by 
consolidating reward-driven behavior. CB1R are abun¬ 
dant in the reward circuit and endocannabinoids contrib¬ 
ute to ► synaptic plasticity in these regions through the 
mechanisms described above. While the CB1R in these 
regions certainly contribute to the rewarding effects of 
THC itself, there is also strong evidence that endocanna¬ 
binoid signaling is involved in the rewarding and addic¬ 
tive properties of all abused substances (Maldonado et al. 
2006). In particular, data suggest that endocannabinoids 
are released within the ► ventral tegmental area (VTA) 
and that they enhance the activation of dopamine neu¬ 
rons, resulting in potentiation of drug seeking behavior. 
In agreement with this mechanism, clinical trials with 
CB1R antagonists show modest efficacy in smoking ces¬ 
sation, particularly when combined with nicotine replace¬ 
ment therapy. 

Schizophrenia 

Epidemiological evidence indicates that Cannabis use can 
induce psychotic states in healthy individuals, worsen 
psychotic symptoms of schizophrenic patients, and pre¬ 
cipitate ► schizophrenia in otherwise susceptible indivi¬ 
duals (Ujike and Morita 2004). Examination of CB1R 
density postmortem reveals that the density of CB1R is 
higher in the ► prefrontal cortex of schizophrenic patients 
than controls; AEA is also increased in the cerebrospinal 
fluid of schizophrenic patients. Genetic studies have 
found that individuals with a repeat polymorphism in 
the Cnrl gene have a 2.3-fold higher risk for the develop¬ 
ment of schizophrenia than those without this sequence. 
Taken together, these results suggest that hyperactive 
CB1R signaling, particularly in the prefrontal cortex, is 
involved in the pathogenesis of schizophrenia. This hy¬ 
pothesis is supported by preclinical studies as well. 
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The hypothesis that hyperactive CB1R signaling contri¬ 
butes to the symptoms of schizophrenia led to a limited trial 
of rimonabant in schizophrenics. The results of this trial 
were not remarkable; rimonabant did not provide efficacy 
over that of placebo. While these findings indicate that 
reduced CB1R activation is not globally effective as a treat¬ 
ment for schizophrenia, it is possible that it would be 
effective in a subpopulation of patients. 

Depression 

Elevation of mood is a commonly cited motivation for 
the use of Cannabis. Several clinical trials in the 1970s 
designed to determine the anti-depressant efficacy of 
THC found that it failed to improve the symptoms of 
depression and produced unacceptable adverse effects. 
A similar hypothesis, that depressed individuals self- 
administer Cannabis because it elevates mood, predicts 
that depressed people use Cannabis to elevate mood more 
frequently than nondepressed users. This prediction was 
not upheld in a recent study (Arendt et al. 2007); in fact, 
depressed subjects experienced more depression, aggres¬ 
sion, and sadness when intoxicated with Cannabis than 
when they are not intoxicated. 

Cannabis dependence and depression are co-morbid 
diagnoses more than being expected by chance and avail¬ 
able evidence suggests that a common factor or factors 
predispose individuals to both depression and Cannabis 
dependence. There is evidence that common genetic and 
environmental factors contribute to both diagnoses. 

Bipolar Disorder 

People with ►bipolar disorder have a 30-61% life-time 
likelihood for abusing Cannabis , compared with 6% in 
the general population. It is very likely that the co-occur¬ 
rence of bipolar disorder and Cannabis use results from a 
combination of patients in whom bipolar disorder initi¬ 
ates Cannabis abuse and others in whom Cannabis abuse 
initiates bipolar disorder. The first subgroup of patients 
includes those who use Cannabis either in an attempt of 
self-medication or as a direct result of the mania, which 
evokes excessive involvement in pleasurable activities such 
as substance abuse. Evidence supporting this type of rela¬ 
tionship between bipolar disorder and Cannabis abuse is 
sparse. In fact, the available data suggest the opposite, that 
many patients initiate Cannabis use prior to the onset of 
bipolar symptoms. A third option, which has not been 
studied at all in detail, is that bipolar disorder and substance 
abuse are both triggered by a common mechanism. An 
interesting possibility is that early life stress is a precipitating 
factor for both substance abuse and mood disorders. 


Conclusion 

Endocannabinoid activation of CB1R in the brain is 
involved in the modulation of limbic circuitry. It is not 
surprising that changes in endocannabinoid signaling, either 
as a result of Cannabis use or treatment with CB1R antag¬ 
onist, affect mood, motivated behavior, learning, and 
fear responses. These data lead to the possibility that 
therapeutic agents that target endocannabinoid signaling 
for the treatment of psychiatric disorders, could be devel¬ 
oped. However, current literature leads to the conclusion 
that this could be a difficult, although possible, goal. The 
most possible goals are the treatment of anxiety with 
indirect CB1R agonists, particularly inhibitors of FAAH, 
and substance abuse with CB1R antagonists. 

Cross-References 

► Adolescence and Response to Drugs 
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► Eating and Appetite 

► Emotion and Mood 

► Generalized Anxiety Disorder 

► Herbal Remedies 
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► Social Anxiety Disorder 

► Synaptic Plasticity 

► Traumatic Stress (Anxiety) Disorder 
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Cannabis Abuse and Dependence 
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Synonyms 

Cannabis addiction; Marijuana abuse; Marijuana 
addiction; Marijuana dependence 

Definition 

Cannabis abuse and dependence are disorders similar to the 
other ► substance abuse and ► dependence disorders. 
Problems related to misuse or overuse of cannabis can 
include social, psychological, and medical consequences. 
A subset of cannabis users meet the DSM or ICD diag¬ 
nostic criteria for abuse or dependence which reflect an 
impairment of daily functioning, repeated use that puts 
them at risk of harm, failed attempts to cut down or quit, 
loss of controlled use, or development of tolerance or 
withdrawal. 

Role of Pharmacotherapy 

Controversy Over Cannabis Dependence 

Controversy regarding the addictive potential of cannabis 
has propagated since the early 1900s. Advances in the clini¬ 
cal, neurobiological, and behavioral sciences over the last 
20 years have provided an empirical base to resolve the 
major aspects of this enduring controversy. Epidemiologi¬ 
cal, laboratory, and clinical studies have demonstrated that 
cannabis dependence occurs, is relatively common, is 


clinically significant, causes harm, and is difficult to treat. 
As with other drugs, the majority of people who have tried 
cannabis do not develop a problem with addiction. Howev¬ 
er, in the USA, approximately 4% of those older than 
12 years, at some time in their lives, have met criteria 
for cannabis dependence disorder, as defined in the Diag¬ 
nostic and Statistical Manual of Mental Disorders 
(► DSM). This prevalence rate is more than double the 
lifetime dependence rate for any other illicit drug, reflect¬ 
ing the widespread use of cannabis. ► Conditional depen¬ 
dence rates, that is, the percentage of persons who have ever 
used a drug who go on to become dependent, suggest that 
cannabis use is less likely to lead to dependence relative to 
use of most other illicit drugs. In the USA, approximately 
9% of those who try cannabis become dependent compared 
with lifetime dependence rates of 15% for people who try 
cocaine and 24% for those who try heroin. Although lower 
in relative terms, the fact that 9% of cannabis users become 
dependent is cause for concern given the large number of 
users. Indeed, the number of people who seek treatment for 
cannabis abuse and dependence has been steadily increasing 
in the USA, Europe, and Australia, and is now comparable 
to the number seeking treatment for cocaine or opiates in 
some countries. 

Two related areas of scientific discovery have provided 
additional evidence for the addictive potential of cannabis. 
First, a neurobiological basis for dependence was uncovered 
with the discovery of the endogenous cannabinoid system 
in the central nervous system. Specifically, scientists have 
identified ► cannabinoids that occur naturally in the 
brain (anandamide, 2AG) and localization of cannabinoid 
receptors that serve as the sites of action for the direct 
effects of cannabis and other cannabinoids. Second, 
human and nonhuman research has established the reli¬ 
ability, validity, time course, and pharmacological mech¬ 
anism for a true cannabis ► withdrawal syndrome that 
appears similar to tobacco withdrawal in magnitude and 
severity (Budney and Hughes 2006; Lichtman and Martin 
2002). Prior to these findings, the existence of a clinically 
significant cannabis withdrawal syndrome was questioned 
as evidenced by its omission from the DSM. This growing 
body of research will prompt strong consideration for the 
inclusion of cannabis withdrawal in the upcoming revi¬ 
sion of the DSM. 

Epidemiological and controlled treatment evaluation 
research indicates that the Cannabis Dependence syndrome 
shares most of the same phenomenology as other types 
of substance dependence, and the DSM-IV dependence 
criteria items appear to capture all aspects of the synd¬ 
rome (cf. Budney 2006). Though the phenomenology of 
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cannabis dependence is similar, there appear to be some 
differences in severity relative to dependence typically 
associated with substances like alcohol, cocaine, or opi¬ 
ates. On average, individuals with cannabis dependence 
do not meet as many DSM dependence criteria, the with¬ 
drawal experience causes discomfort but is not associated 
with major health risks, and the associated health and 
psychosocial consequences, although substantial, are typ¬ 
ically not as severe. Despite this milder dependence syn¬ 
drome, quitting cannabis once addicted does not appear 
any easier than trying to quit other substances. Many of 
those dependent on cannabis typically use it multiple 
times per day; they may be ambivalent about its negative 
effects; they acknowledge multiple perceived positive 
effects; and the cost is relatively low. All these factors 
make quitting difficult. Note that the same types of beha¬ 
vioral treatments that are efficacious for other substances 
(cognitive-behavioral, motivational, and contingency 
management) have proven effective for cannabis depen¬ 
dence, but the majority of cannabis users who enroll 
in treatment fail to achieve sustained abstinence (Budney 
et al. 2007; Roffman et al. 2006). 

This body of research suggests that continued debate 
over whether or not cannabis use can lead to dependence 
or addiction is obsolete. Cannabis misuse and addiction 
are relatively common and are associated with significant 
negative consequences. Moreover, cannabis-related pro¬ 
blems reflect a significant public health issue that requires 
continued attention and action towards developing more 
effective treatment and prevention interventions. 

Neurobiology of Cannabis and the Potential Role of 
Pharmacotherapy 

The increased recognition of the need for effective treat¬ 
ments for cannabis dependence, and the important 
advances in the understanding of the neurobiology of its 
actions, has recently led researchers to develop and evalu¬ 
ate potential pharmacotherapies. Delta-9-tetrahydrocan- 
nabinol (THC), the primary psychoactive component of 
cannabis, is a ► partial agonist of the CB1 receptor, a 
G-protein-coupled receptor that is expressed in the brain 
at the highest concentrations in the basal ganglia (motor 
control), cerebellum (sensorimotor coordination), hippo¬ 
campus (memory), and cortex (higher-order cognition) 
(Cooper and Haney 2009). In addition to direct action 
on the CB1 receptor, cannabis alters the functioning of 
several other neurotransmitter systems including those 
associated with dependence on other drugs such as ► alco¬ 
hol, ► cocaine, and ► opiates. Specifically, THC and other 
CB1 receptor agonists have been shown to increase 


dopamine (DA) release in the mesolimbic-dopamine re¬ 
ward pathway and enhance electrical ► brain-stimulation 
reward. These effects are associated with appetitive 
drug-seeking and drug-taking behaviors. Also, abrupt 
cessation of chronic cannabinoid exposure increases 
► corticotropin releasing factor and decreases dopamine 
in the ► mesolimbic-dopamine reward pathway. These 
neurobiological changes have been linked to the dysphor¬ 
ic effects associated with ► withdrawal from addictive 
drugs and are thought to contribute to ► relapse. 

Because chronic cannabis use is associated with neuro¬ 
biological features similar to those observed with depen¬ 
dence on other drugs, pharmacological approaches 
successfully applied in the treatment of other drug-use 
disorders might be similarly effective in the treatment 
of cannabis-use disorders. One such approach is the use of 
agonist medications, compounds that have a similar mech¬ 
anism of action as the abused drug or involve administra¬ 
tion of a key component of the abused drug via a different 
route (e.g., ► methadone for opiate dependence, nicotine 
patch for tobacco dependence). Agonist pharmacothera¬ 
pies are attractive because they typically attenuate symp¬ 
toms of withdrawal, are generally well tolerated, and may 
blunt the reinforcing effects of the abused substance in the 
case of relapse. Clinical laboratory studies have demon¬ 
strated that dronabinol (orally administered THC) reliably 
and dose-dependently attenuates cannabis withdrawal sym¬ 
ptoms and the subjective reinforcing effects of smoked 
cannabis, but to date there is no evidence that it reduces 
rates of self-administration. Published case reports and 
anecdotal reports suggest that dronabinol, when combined 
with psychosocial counseling, might be an effective ► phar¬ 
macotherapy for the treatment of cannabis-use disorders. 
Placebo-controlled clinical trials are currently testing this 
possibility. 

Another pharmacological approach to drug depen¬ 
dence is the use of medications that suppress the reinfor¬ 
cing effects of the abused drug. Examples of this include 
use of receptor ► antagonists (e.g., ► naltrexone for opi¬ 
ate dependence) or ► vaccines (e.g., nicotine conjugate 
vaccine for tobacco dependence), which prevent/reduce 
binding to target receptors in the CNS. Several com¬ 
pounds have been synthesized that exhibit antagonist¬ 
like (inverse agonist) effects at the CB1 receptor in non¬ 
human species (e.g., suppress self-administration of can- 
nabinoids or precipitate withdrawal). One of these 
compounds, rimonabant (SR141617A), has been shown 
to partially attenuate the subjective reinforcing effects of 
smoked cannabis in humans. In a small open-label clinical 
trial, administration of rimonabant was associated with a 
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reduction in cannabis use. While these results indicate 
some degree of clinical utility, present concerns regarding 
the safety of rimonabant have resulted in the medication 
being pulled off the market in most countries. Other neutral 
CBi antagonists that do not inhibit agonist-independent 
activity of CB X receptors and are therefore hypothesized to 
have a more acceptable side-effect profile compared to 
CBi inverse agonists like rimonabant are under develop¬ 
ment and may show promise in future studies. To our 
knowledge, no vaccine for THC or other cannabinoids has 
been developed. 

A third pharmacotherapy approach is to identify med¬ 
ications with pharmacological mechanisms that are differ¬ 
ent from that of the abused drug, but that may provide 
clinically desirable effects (e.g., alleviate specific withdrawal 
symptoms or reduce desire for or liking of the substance). 
A number of medications typically used to treat affective 
disorders or other substance use disorders have been inves¬ 
tigated as potential adjunct treatments for cannabis use 
disorders with very limited positive findings (Benyamina 
et al. 2008; Vandrey and Haney, 2009). ► Bupropion and 
divalproex significantly worsened mood compared with 
placebo during periods of cannabis abstinence. Nefazo- 
done significantly decreased ratings of anxiety and muscle 
pain during abstinence, but did not alter other prominent 
features of cannabis withdrawal. ► Lofexidine significant¬ 
ly reduced several symptoms of withdrawal and improved 
sleep during periods of abstinence, but was associated 
with significantly increased sedation during the day. 
The combination of lofexidine and dronabinol signifi¬ 
cantly reduced withdrawal, improved multiple measures 
of sleep, and reduced cannabis self-administration during 
a laboratory relapse test. The combination of dronabinol 
and lofexidine also increased sedation and drug effect 
ratings during the day, but it is uncertain whether these 
effects occurred at a magnitude that would warrant con¬ 
cern in clinical use. A low dose of the opioid naltrexone 
decreased the intoxicating effects of 20 mg but not 40 mg of 
dronabinol, whereas higher doses either failed to attenuate 
or enhanced the subjective effects of dronabinol and smoked 
cannabis. Another laboratory study showed that pre-dosing 
with clonidine, a medication used to treat symptoms of 
opioid withdrawal, reduced cannabis-induced tachycardia, 
but did not reduce subjective effects. 

Several small clinical studies of other commonly used 
psychiatric medications have recently been tested as 
treatments for cannabis dependence with few positive find¬ 
ings. ► Atomoxetine did not significantly reduce cannabis 
use and was associated with a high rate of adverse events. 
An initial trial with ► buspirone reported decreased 


cannabis use, craving, and irritability, but these effects 
were not replicated in a larger placebo-controlled trial. 
Two open-label studies of ► lithium suggested that it may 
have some positive effect on withdrawal and cannabis use, 
but side effects were frequent and the positive effects have 
not been replicated in controlled studies. The atypical 
antipsychotic ► quetiapine reduced cannabis use in a 
small study of cannabis-dependent patients with a diag¬ 
nosis of either ► schizophrenia or ► bipolar disorder, but 
this effect has not been replicated in a controlled study 
and quetiapine has not been assessed in a more general 
population of cannabis users. Maintenance on the antide¬ 
pressant ► mirtazapine improved subjective measures of 
sleep compared to placebo, but did not improve other 
clinical outcomes, including cannabis use, in a controlled 
clinical trial. Finally, one clinical trial of ► fluoxetine for 
the treatment of alcohol dependence and depression 
reported that cannabis-dependent participants in that 
study reported using less cannabis, and using cannabis 
on fewer days; however, prospective tests examining the 
effect of fluoxetine on cannabis use have not been 
reported. A summary of pharmacotherapy research is 
provided in Table 1. 

Summary 

Cannabis abuse and dependence pose a significant public 
health problem. Relatively large numbers of adolescents 
and adults enroll in treatment programs with cannabis as 
the primary substance of concern. Unfortunately treatment 
response rates for cannabis dependence are not substan¬ 
tially better than those observed for most other substance- 
dependence disorders. ► Empirically based behavioral 
treatments have been identified. Most recently, significant 
research efforts have focused on the development of phar¬ 
macological adjuncts to improve treatment outcomes. To 
this end, laboratory studies that target the CBI receptor 
have demonstrated the most clinically desirable and 
promising effects (suppressed withdrawal, reduced effects 
of cannabis). However, results of controlled clinical trials 
of agonist or antagonist medications have yet to be com¬ 
pleted, and there are significant concerns about side 
effects of each. The medications with pharmacological 
mechanisms other than the cannabinoid receptor system 
have thus far exhibited limited clinical benefit, but there is 
recent laboratory evidence that combinations of these 
medications and CBI-receptor-specific medications may 
hold promise. Ongoing research efforts include expanded 
medication assessments in humans (controlled clinical 
trials; laboratory studies of hypnotic and anticonvulsant 
medications), and preclinical development of new 
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Cannabis Abuse and Dependence. Table 1. Summary of medications tested for potential therapeutic benefit in cannabis 
users. 


Medication 

tested 

Current indication 

Mechanism of action 

Outcome 

Atomoxetine 

ADHD 

Norepinephrine reuptake 
inhibitor 

No effect on cannabis use, concerning side effects 
(Gl) 

Bupropion 

Depression, smoking 
cessation 

Norepinephrine and 
dopamine reuptake inhibitor 

Reduced effects of smoked cannabis, but 
exacerbated cannabis withdrawal symptoms 

Buspirone 

Anxiety 

Serotonin 5HT 1A receptor 
partial agonist 

Reduced cannabis use, craving, and irritability in 
pilot study; effects not replicated in placebo- 
controlled clinical trial 

Clonidine 

Hypertension, opiate 
dependence 

a 2 adrenergic agonist 

Reduced tachycardia, but not subjective effects 

Divalproex 

Bipolar disorder, epilepsy, 
migraines 

Unknown 

No effect on cannabis use; increased withdrawal 
and effects of smoked cannabis 

Dronabinol 

Nausea/vomiting, 
excessive weight loss 
associated with AIDS 
wasting 

Cannabinoid CB1 receptor 
agonist 

Reduced cannabis withdrawal and subjective 
effects of smoked cannabis, but had no effect on 
reinforcement of cannabis and did not prevent 
relapse in laboratory studies, aided long-term 
cannabis cessation in 2 case studies 

Fluoxetine 

Depression, OCD, eating 
disorders, panic disorder 

Selective serotonin reuptake 
inhibitor 

Reduced self-reported cannabis use among a 
treatment sample of depressed alcoholics 

Lithium 

Bipolar disorder 

Unknown 

2 open-label studies suggest reduced withdrawal 
and cannabis use 

Lofexedine 

Opiate dependence 

u 2 adrenergic agonist 

Reduced withdrawal and relapse alone and in 
combination with dronabinol 

Mirtazapine 

Depression 

a 2 adrenergic antagonist, 

5HT 2 and 5HT 3 antagonist 

Improved subjective sleep during abstinence, no 
effect of cannabis use outcomes 

Naltrexone 

Alcohol and opiate 
dependence 

Mu-opioid receptor 
antagonist 

Low dose (12 mg) decreased subjective effects of 
20 mg, but not 40 mg oral THC; high doses 
(>50 mg) increased or had no effect on the 
subjective effects of oral THC or smoked cannabis 

Nefazodone 

Depression 

Norepinephrine and 
serotonin reuptake inhibitor, 
5HT 2 receptor antagonist 

Reduced select withdrawal effects but had no 
effect on total withdrawal severity or the 
subjective effects of smoked cannabis 

Quetiapine 

Schizophrenia and bipolar 
disorder 

Antagonism of 5HT 2 D 2 
a 2 and receptors 

Reduced cannabis use in small sample with 
schizophrenia or bipolar disorder 

Rimonabant 

Obesity 

Cannabinoid CB1 receptor 
antagonist 

Attenuated subjective and physiological effects of 
cannabis in laboratory studies. Reduced cannabis 
use in small open-label clinical study. Side-effect 

concerns. 


medications that target the CB1 receptor system (e.g., 

► Cannabinoid Receptors 

second-generation agonists and antagonists, inverse ago¬ 

► Cannabinoids 

nists, and FAAH inhibitors) (Janero et al. 2009). 

► Cannabinoids and Endocannabinoids 

► Cognitive Behavioral Therapy 

Cross-References 

► Dronabinol 

► Agonist 

► Endocannabinoid 

► Antagonist 

► Fatty Acid Amide Hydrolase 

► Cannabinoid 

► Inverse Agonist 
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Canotiaceae 

► Celastraceae 


1 CANTAB 

Synonyms 

Cambridge neuropsychological test automated battery 

Definition 

A battery of tests for human cognition that are partly 
derived from tests of cognition in animals. The battery 
includes tests of spatial working memory, paired visuo- 
spatial associate learning (PAL), recognition memory, set- 
shifting, and a human analogue of the five-choice serial 
reaction time (http://www.cantab.com/camcog/default. 
asp). There is also a CANTAB battery for nonhuman 
primates. 


Capadtation Function of Spermatozoa 

Definition 

The process that enables spermatozoa to undergo the 
acrosomal reaction, whose endpoints consist in the hyper- 
activated motility and the exocytotic release of enzymes, 
which are considered of major importance for the fertili¬ 
zation of the oocyte. 


Capgras Syndrome 

► Delusional Disorder 


Carbamazepine 

Definition 

Carbamazepine is an antiepileptic drug that is also used in 
treating bipolar disorder, although clinically it has been 
extensively used in various patient populations since it has 
been in clinical use for over 50 years. Although its mechanism 
of action is not fully understood, its main action is at sodium 
channels leading to reduced excitability in nerve cells. 

Cross-References 

► Anticonvulsants 

► Bipolar Disorder 


Carbidopa 

Synonyms 

MK486; S-alpha-hydrazino-3,4-dihydroxy-a-methyl- 
bensemonopropanoic acid monohydrate 

Definition 

Carbidopa is a peripherally acting aromatic l- amino acid 
decarboxylase or DOPA decarboxylase inhibitor. Carbi¬ 
dopa does not cross the blood-brain barrier, but increases 
the plasma half-life of ► l-DOPA, the dopamine precur¬ 
sor, thus increasing brain dopamine concentrations while 
reducing peripheral dopamine side effects, such as cardiac 
arrhythmias. Like other DOPA decarboxylase inhibitors, 
carbidopa is always used in combination with l-DOPA 
in the management of ► Parkinsons disease. It can also 
be combined with entacapone and l-DOPA in a triple 
combination. 
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Cross-References 

► Anti-Parkinson Drugs 

► Entacapone 

► l-DOPA 


Carbon-Fiber Amperometry 

Definition 

Carbon-fiber amperometry is used to study the exocytosis 
of certain hormones and neurotransmitters from target 
tissues and cells. It measures the concentration of such 
substances by the measurement of the electrochemical 
current caused by the transfer of electrons after oxidation 
(or reduction). Detailed analysis of the shape of the 
amperometric spike can provide valuable information 
regarding the events surrounding exocytosis. 


are referred to as “initiator” or “apical” caspases; caspases 
that cleave other cellular proteins are known as “effector” 
or “executioner” caspases. 


c 


Catalepsy 

Definition 

A state seen in schizophrenia, other disorders of the ner¬ 
vous system and drug-induced dissociated states, in which 
unusual postures or facial expressions are maintained, 
regardless of external stimuli. 

Cross-References 

► Schizophrenia 


Carpipramine 

Definition 

Carpipramine is a first-generation (typical) antipsychotic 
drug that belongs to the iminodibenzyl class indicated for 
the treatment of schizophrenia, particularly for negative 
symptoms. It has been found that carpipramine, and its 
pharmaceutically acceptable salts, possess antagonist 
properties with respect to D 2 and 5-HT 2 receptors, and 
are also useful in the treatment of depression, anxiety, and 
sleep disorders. It can induce insomnia, agitation, and 
extrapyramidal motor side effects, but it displays generally 
low toxicity. 

Cross-References 

► Extrapyramidal Motor Side Effects 

► First-Generation Antipsychotics 

► Negative Symptoms 

► Schizophrenia 


Caspases 

Definition 

Caspases are cysteine proteases that play an essential role 
in apoptosis by cleaving key cellular proteins. They are 
synthesized as inactive pro-caspases that become sequen¬ 
tially activated upon cleavage by upstream caspases in a 
cascade-like manner. Caspases that cleave other caspases 


1 Catalytic RNA Molecule 

► Ribozyme 


Catathrenia 

► Parasomnias 


Catatonia 

Definition 

Catatonia includes both psychic and motor disturbances 
and is classically associated with psychiatric conditions 
(such as ► schizophrenia, ► bipolar disorder, ► posttrau- 
matic stress disorder, and ► depression). It can also be 
caused by dissociative agents, abuse of other drugs, and 
many medical conditions including encephalitis, autoim¬ 
mune disorders, strokes, metabolic disturbances, and 
benzodiazepine withdrawal. 

The DSM-IV criteria for catatonia include at least two 
of the following: motor immobility as evidenced by cata¬ 
lepsy and waxy flexibility or stupor; excessive and pur¬ 
poseless motor activity not influenced by external stimuli; 
extreme negativism (motiveless resistance to all instruc¬ 
tions or maintenance of a rigid posture against attempts 
to be moved) or mutism; peculiarities of voluntary move¬ 
ment as evidenced by posturing, stereotyped movements, 
prominent mannerisms, or prominent grimacing; 
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echolalia (repetition of the words or phrases of another 
person) or echopraxia (involuntary repetition or imita¬ 
tion of the observed movements of another person). 


' CB-154 

► Bromocriptine 


Catecholamine Depletion 


CBF 


► Amine Depletors 


► Cerebral Perfusion 


Catecholamine Hypothesis 

► Aminergic Hypotheses for Depression 


Catecholamine Toxins 

► Neuro toxins 


Catecholamines 

Definition 

Neurotransmitters derived from the amino acid tyrosine 
that contains both a catechol and an amine compo¬ 
nent. Examples include ► dopamine, ► norepinephrine, 
and epinephrine. 


CATIE 

Synonyms 

Clinical Antipsychotic Trials of Intervention Effectiveness; 
Clinical Antipsychotic Trials of Intervention Effectiveness 
Study 

Definition 

A study that compares perphenazine with the SGA in the 
treatment of schizophrenia. General conclusion was that 
perphenazine was as effective and well tolerated as SGA. 

Cross-References 

► Perphenazine 

► Second Generation Antipsychotics (SGA) 

► Schizophrenia 


CBIT 

► Habit Reversal Therapy 


► Cognitive Behavioral Therapy 


' CBV 

► Cerebral Perfusion 


Celastraceae 

Synonyms 

Brexiaceae; Canotiaceae; Chingithamnaceae; Euonyma- 
ceae; Hippocrateaceae; Salaciaceae; Siphonodontaceae; 
Stackhousiaceae 

Definition 

A plant family, which includes about 98 genera and 1,210 
species, that is native to both the New and the Old world. 
They generally grow as small trees, bushes, or lianas and 
have resinous stems and leaves. The traditional medicine 
attributed a wide variety of properties to the crude 
extracts of these plants. 


Cell Type-Specific Knockout 

► Conditional Knockout 
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Central Catecholamine Systems 

Definition 

The cell bodies of ► dopamine (in the ventral tegmental 
area and substantia nigra) and ► norepinephrine (in the 
locus coeruleus located in the ventral brain stem) and 
their projections to the forebrain. 


such as CBF-fMRI, CBV-fMRI, or BOLD-fMRI are ap¬ 
plied as indirect measure for brain activity. 

Cross-References 

► BOLD Contrast 

► Functional MRI 


c 


Central Sensitization 

Definition 

Enhanced responsiveness of central nervous system neu¬ 
rons after injury which arises from augmentation of cen¬ 
tral pain signaling neurons to input from low-threshold 
receptors (typically mechanoreceptors). At least some 
proportion of this phenomenon may be subserved by 
► NMDA receptors. 


Cerebral Blood Flow 

► Cerebral Perfusion 


Cerebral Blood Volume 

► Cerebral Perfusion 


Cerebral Perfusion 

Synonyms 

BOLD; CBF; CBV; Cerebral blood flow; Cerebral blood 
volume 

Definition 

Cerebral perfusion describes the amount of blood passing 
the brain capillary bed in a certain time period to deliver, 
that is, oxygen and glucose. Brain perfusion is defined by 
three quantities: cerebral blood flow (CBF), cerebral blood 
volume (CBV), and mean transit time (MTT). Brain ac¬ 
tivity is accompanied with an increase in cerebral energy 
consumption and consequently prompts changes in cere¬ 
bral perfusion, thus changes in CBF, CBV, and concentra¬ 
tion changes of oxy- and deoxygenated hemoglobin. To 
assess these processes, different functional MRI methods 


Cerebrovascular Accident 

► Stroke 


r 


CFFF 


► Critical Flicker Fusion Frequency 


r 


CGI 


► Clinical Global Impression Scales 


Characteristic 

► Trait 


1 Chat 

► Khat 


ChAT 

► Choline Acetyltransferase 


Chemical Modifications of Antisense 
Oligonucleotides 

Definition 

In order to increase efficiency, the cellular uptake and intra¬ 
cellular stability can be improved by chemical modification 
of antisense oligonucleotides. The most common chemical 
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modifications of antisense oligonucleotides are replacing an 
oxygen group of the phosphate-diester backbone with ei¬ 
ther a methyl group (methyl phosphonate oligonucleotide) 
or a sulfur group (phosphorothioate oligonucleotide). 
Methylphosphanates have high intracellular stability, the 
absence of charge, however, reduce their solubility and 
intracellular uptake. The phosphorothioates are the most 
widely used oligonucleotides, because of their relatively 
high nuclease stability, relative ease of synthesis, good solu¬ 
bility, and superior antisense properties. Importantly, phos- 
phorothioated antisense oligonucleotides activate RNase H 
activity both in tissue culture and in vivo. Disadvantages 
include sequence-independent effects making well- 
designed controls essential. In order to increase specificity 
as well as efficacy of phosphorothioates, chimeric oligonu¬ 
cleotides are developed in which the RNase H-competent 
segment (the phosphorothioate moiety) is bounded on 
both termini by a higher-affinity region of modified RNA. 

Other chemical modifications include 2 '-OH modifi¬ 
cations, locked nucleic acids (LNAs), peptide nucleic 
acids, morpholino compounds, or hexitol nucleic acids. 
Although high RNA affinity and high stability have been 
reported, they do not support RNase H activation. Never¬ 
theless, they can exert their antisense activity via transla¬ 
tional arrest or modulation of splicing. 

Cross-References 

► Antisense Oligonucleotides 


Childhood Depression 

► Depressive Disorders in Children 


Childhood Disintegrative Disorder 

Definition 

Childhood disintegrative disorder is defined by a normal 
period of development for the first 2-10 years of life. 
Between the ages of 2 and 10, there is a regression of 2 of 
the following: language skills, social skills, bowel/bladder 
control, play or motor skills. There is also a disruption in 
functioning in at least two of the following three areas: 
social interaction, communication and restricted and re¬ 
petitive patterns of behavior, interests and activities. 

Cross-References 

► Autism Spectrum Disorders and Mental Retardation 


Childhood-Onset Obsessive- 
Compulsive Disorder 

► Obsessive-Compulsive Anxiety Disorders in Childhood 


Childhood-Onset Schizophrenia 

► Pediatric Schizophrenia 


Childhood Schizophrenia 

► Autism Spectrum Disorders 

► Autism Spectrum Disorders and Mental Retardation 


Chimera 

Synonyms 

Mosaic 

Definition 

An animal where individual cells contain genetic material 
from only one of two potential lineages. These animals are 
often produced in the creation of knockout mice where a 
mutated ES cell is introduced into the blastocyst contain¬ 
ing wild-type ES cells. 

Cross-References 

► Genetically Modified Animals 


Chingithamnaceae 

► Celastraceae 


ChIP 

► Chromatin Immunoprecipitation 

1 Chloral Hydrate 

Definition 

Chloral hydrate is an obsolescent ► hypnotic medication 
used in the treatment of severe insomnia. Unwanted 
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effects include sedation, headaches, gastrointestinal upset, 
paradoxical excitement, confusion, cognitive and psycho - 
motor impairment, and confusion in the elderly. 
It interacts with alcohol. Long-term use may be habit 
forming with marked ► dependence and ► withdrawal 
reactions. Chloral is a scheduled substance. In overdose, 
it can depress respiration. 

Cross-References 

► Insomnias 


responsible for its pharmacological activity. Clinical indi¬ 
cations for chlordiazepoxide include the short-term treat¬ 
ment of severe ► anxiety and the management of acute 

► alcohol withdrawal syndrome. Like most similar com¬ 
pounds, its long-term use is subject to ► tolerance, abuse, 

► dependence, and withdrawal. 


c 


Cross-References 

► Sedative, Hypnotic, and Anxiolytic Dependence 


Chlorazepate 

Synonyms 

Tranxene 

Definition 

Chlorazepate is a benzodiazepine-derived anxiolytic with 
anticonvulsant, sedative-hypnotic, and skeletal muscle- 
relaxant action. It is used for short-term relief of more 
severe forms of anxiety as well as adjunctive therapy in the 
management of partial seizures and alcohol withdrawal. 
The most common side effect is drowsiness while other, 
less-commonly reported effects include dizziness, blurred 
vision, headache, confusion, insomnia, irritability, de¬ 
pression, and tremor. As with other antiepileptic drugs, 
chlorazepate increases the risk of suicidal thoughts or 
behavior, thus patients receiving this therapy need to be 
monitored closely by their physicians and family. Like 
other ► benzodiazepines, it has a significant potential 
for abuse and dependence and abrupt cessation after 
prolonged use causes withdrawal symptoms which in¬ 
clude anxiety, insomnia, dizziness, nausea and vomiting, 
tremor, irritability, tachycardia and postural hypo¬ 
tension, memory impairment and, in extreme cases, con¬ 
vulsions and delirium. It was withdrawn from the U.K. 
market in 2006. 


Chlordiazepoxide 

Definition 

Chlordiazepoxide is ► benzodiazepine with anxiolytic, 
anticonvulsant, hypnotic, amnestic, and muscle-relaxant 
properties. Its medium to long ► half-life is exceeded by 
that of its active metabolite. The metabolites are largely 


Chlormethiazole 

► Clomethiazole 


Chlorpromazine 

Definition 

Chlorpromazine was the first drug developed with a spe¬ 
cific antipsychotic action. It is considered to be the first 
of the first-generation (typical) antipsycho tics. Chlor¬ 
promazine is the prototype for the phenothiazine class 
antipsychotic and has relatively low potency at dopamine 
D 2 receptors as well as antagonism of muscarinic, hista- 
minergic, and adrenergic receptors. 

Cross-References 

► Antipsychotics 

► First-Generation Antipsychotics 

► Phenothiazines 


Cholecystokinins 

Jaanus Harro 

Department of Psychology, University of Tartu, Estonian 
Centre of Behavioural and Health Sciences, Tartu, Estonia 

Definition 

Cholecystokinins (CCKs) are a group of peptides that 
possess a common C-terminal sequence and elicit various 
biological effects after binding to specific G protein cou¬ 
pled receptors termed CCK receptors. CCKs are defined as 
peptides that elicit gallbladder contraction and have the 
C-terminal sequence Tyr-Met-X-Trp-Met-Asp-Phe-NH 2 , 
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where X is glycine in most mammals. CCKs can act as a 
hormone, growth factor or neurotransmitter. 

Pharmacological Properties 

Physiology 

CCK peptides belong to a family of neuroendocrine pep¬ 
tides. CCKwas discovered in extracts of the small intestine 
as a substance that elicits the hormonal gallbladder con¬ 
tracting effect and that can stimulate pancreatic secretion. 
That these two effects are mediated by the same substance 
was revealed in 1961 by Viktor Mutt, who also identified 
its chemical identity (Reeve et al. 1994). CCK also acts as a 
growth factor for the pancreas and as a neurotransmitter. 

Only one CCK mRNA molecule is produced from the 
CCK gene, and its translational product, preproCCK, 
consists of 115 amino acid residues. This product is the 
source of all CCKs. The bioactive CCK peptides include 
those with 83, 58, 39, 33, 22, and 8 amino acid residues 
and these are produced in a cell-specific manner. CCK 
peptides share a common C-terminal sequence with an¬ 
other peptide, gastrin, which has recently also been found 
in multiple molecular forms (Rehfeld et al. 2007). Modi¬ 
fication of this tetrapeptide amide sequence strongly 
reduces biological activity. 

CCK peptides bind to CCK A and CCK B (alternatively, 
CCK X and CCK 2 , respectively) receptors that are both 
coupled to G proteins. As ligands, CCK A receptors require 
CCKs that are amidated at the C-terminal, and sulfated 
on a tyrosine in the seventh position from the terminal. 
These receptors mediate contraction of gallbladder and 
relaxation of the sphincter of Oddi, and pancreatic growth 
and enzyme secretion. These receptors are also expressed 
in the peripheral nervous system and in the anterior 
pituitary; expression in the brain is less prevalent than of 
the CCK b receptors. The latter are identical to the gastrin 
receptor, and besides brain, are abundantly expressed on 
gastric ECL-cells and parietal cells, and in the pancreas. 
CCK b receptors also bind non-sulfated CCK, CCK-5, and 
CCK-4 with high affinity. Importantly, the peripheral phys¬ 
iological responses mediated via CCK B receptors are eli¬ 
cited by gastrin, because the plasma levels of gastrin are 
much higher than those of CCK (Rehfeld et al. 2007). 
In brain, CCK B receptors are expressed with the highest 
density in the striatum, cerebral cortex, and the olfactory 
nuclei; moderate levels have been found in the ► hippo¬ 
campus, substantia nigra, periaqueductal grey matter, and 
pontine nuclei. 

CCK in circulation originates mainly from the intestinal 
endocrine cells that release the peptide in response to food 
rich in protein and fat. Since the satiety-inducing ability of 
CCKwas discovered in 1973, many studies on animals and 


humans have shown it to serve as an endogenous satiety 
factor (Reeve et al. 1994). This satiety signal appears to be 
mainly mediated by the vagus nerve and subsequently the 
nucleus tractus solitarius and area postrema to the hypo¬ 
thalamus. CCK also inhibits gastric acid secretion, directly 
via CCK b receptors and indirectly via CCK A receptors 
stimulating ► somatostatin release. 

Neuronal CCK 

Neurons mainly synthesize and release CCK-8. At variance 
with many ► neuropeptides, expression of CCK is highest 
in the neocortex. Other brain regions enriched with 
CCK are caudate-putamen, hippocampus, and ► amyg¬ 
dala, and significant levels are present in thalamus, hypo¬ 
thalamus, olfactory bulb, ventral tegmental area and 
periaqueductal grey matter. CCK-8 release is, characteris¬ 
tically to neurotransmitters, evoked by potassium-in¬ 
duced depolarization and dependent upon calcium. 
CCK has been shown to elicit both excitatory and inhibi¬ 
tory postsynaptic potentials. CCK interacts with several 
other neurotransmitter systems, most notably ► dopa¬ 
mine, ► GABA, ► endogenous opioids and endocannabi- 
noids (Harro 2006). 

For both CCK receptors, a plethora of selective ligands 
of distinct chemical classes have been synthesized (Berna 
et al. 2007). This has strongly facilitated detailed studies 
on physiology of the CCK systems. Several of the drugs are 
chemically not peptides and are active when administered 
via enteral route. 

Panicogenic Properties 

Intravenous administration of CCK C-terminal tetra¬ 
peptide (CCK-4) or pentapeptide (CCK-5 or pentagas- 
trin) elicits ► panic attacks in patients with panic 
disorder and in healthy volunteers. This effect is dose 
dependent. The most common symptoms in response to 
a bolus injection of CCK-4 are dyspnea, palpitations, 
chest pain or discomfort, faintness, dizziness, paresthesia, 
hot flushes or cold chills, nausea or abdominal distress, 
anxiety or fear or apprehension, and fear of losing control. 
In panic disorder patients the attacks are not distinguish¬ 
able to them from their spontaneous panic attacks. The 
panic disorder patients are more sensitive to the CCK-4 
challenge than healthy subjects, but patients with other 
anxiety disorders do not differ in this regard from healthy 
volunteers. In panic disorder patients, a few alterations in 
CCK levels or cellular responses to CCK have been 
reported, but all findings remain waiting for independent 
replication. CCK-4-induced anxiety is accompanied by a 
robust activation in a broad cerebral network including 
anterior cingulate cortex, middle and superior frontal 
gyrus, precuneus, middle and superior temporal gyrus, 
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occipital lobe, sublobar areas, cerebellum and brainstem 
(Dieler et al. 2008). 

The panicogenic effect of administered CCK-4 can be 
prevented by treatment with ► benzodiazepines or CCK B 
receptor antagonists, or chronic administration of tri¬ 
cyclics. However, attempts to cure panic disorder or 
generalized anxiety disorder with non-peptide CCK B 
antagonists of different chemical classes have been unsuc¬ 
cessful. It has been proposed that the failure of attempts to 
prevent panic attacks in panic disorder with CCK B antago¬ 
nists used in published studies is due to limitations of 
these treatments (poor bioavailability and/or insufficient 
brain penetration of the compounds), but while such a 
suggestion is not entirely in contradiction with the effica¬ 
cy of these drugs against CCK-induced panic in humans, 
it is certainly weakened by this evidence (Harro 2006). 

CCK Receptor Agonists and Antagonists in Animal 
Models of Anxiety 

Both systemic and intracerebral administration of CCK 
peptides has been found to elicit anxiogenic-like effects in 
► animal models of anxiety, including ► elevated plus- 
maze and ► open field test, and several others. These 
effects are usually antagonized by CCK B but not CCK A 
receptor antagonists. It should be noted that the efficacy 
of low, non-sedating doses of CCK peptides is not univer¬ 
sally reproduced across laboratories and may require pres¬ 
ence of unknown environmental factors. CCK B receptor 
antagonists as a single treatment have been reported to 
possess anxiolytic properties, but several thorough studies 
have not supported such a claim and it seems possible that 
the anxiolytic-like effect is mimicked by enhancement of 
locomotor activation by these drugs (Harro 2006). 

Behavioral tests that are most sensitive to anxiety- 
related effects of CCK receptor ligands include poten¬ 
tiated startle, and particularly those that are based on 
exploratory activity. Effects of CCK receptor ligands on 
defensive behavior are weak and on social behavior rather 
contradictory. Conflict tests based on ► punishment pro¬ 
cedures are not sensitive to CCK, and when exploratory 
behavior is punished as in the four plate test, CCK antago¬ 
nists fail to show anxiolytic-like action. 

Neurobiology of CCK in Animal and Human Anxiety 

Studies that have examined levels of CCK or CCK receptors 
in anxiety have not found consistent alterations in CCK 
expression, but increases in CCK B ► receptor binding have 
been described in animal models of anxiety and in human 
postmortem studies. CCK B receptor binding sites are upre- 
gulated in cerebral cortex and cerebellum of persistently 
anxious or stressed rats, and in transgenic mice that over¬ 
express CCK b receptors anxiety levels are higher, this 


increase being sensitive to ► benzodiazepine anxiolytics. 
CCK receptor binding has been found increased in frontal 
and cingulate cortex of human ► suicide victims, and by 
measuring mRNA levels with quantitative PCR this has 
been confirmed and attributed to CCK B subtype. 

Brain regions in which neuronal CCK appears to play 
a role in anxiety-related behavior include cortex, amygda¬ 
la (particularly basolateral), periaqueductal grey matter, 
cerebellum, septum, hippocampus (particularly areas CA1 
and CA2), and paraventricular thalamus (Harro 2006). In 
some brain regions the anxiety-related effects of CCK are 
known to occur with some specificity: CCK in amygdala 
prevents ► extinction learning, and CCK-mediated acti¬ 
vation of periaqueductal grey by anticipatory anxiety eli¬ 
cits hyperalgesia. In several brain regions such as cortex, 
hippocampus and amygdala, anxiety-related effects of 
CCK may interact with changes in GABA-ergic activity. 
In several brain regions ► GABA and CCK coexist in a 
population of interneurons that also express ► endocan- 
nabinoid CB X receptors. Serotonin, noradrenaline, and 
opioids also modulate the anxiety-related effects of 
CCK. The anxiogenic effect of CCK-4 can be blocked 
with a ► CRF receptor antagonist. This suggests that 
CCK-elicited anxiety is dependent upon the activation 
of the HPA stress axis. 

Stressful events have been associated with changes in 
CCK levels and CCK mRNA expression. Direct examina¬ 
tion of extracellular levels of CCK after a stressful event as 
measured using in vivo ► microdialysis has suggested 
increased release of the peptide in the frontal cortex 
(Becker et al. 2001). Importantly, such an increase was 
observed in rats that had repeatedly been submitted to 
social defeat in the form of being placed first into a 
protected smaller environment within an aggressive resi¬ 
dent’s cage and subsequently allowed a physical contact, 
but not in animals that could after initial protected expo¬ 
sure explore the whole cage as the resident had been 
removed. Because ► microdialysis was conducted after 
protected exposure to the resident, the findings suggest 
that either in frontal cortex CCK is released only after 
sensitization by severe stressors or that learning of safety 
can prevent cortical CCK release. Adaptive or maladaptive 
changes in brain that underlie such differential reactions 
to threat may also cause the individual to react to drugs 
dependent upon stressfulness of the situation, as this has 
been reported for the effects of administered CCK pep¬ 
tides (► Stress: Influence on drug action). Several other 
studies also suggest that the role of CCK release in adapt¬ 
ing with environmental signals depends upon the previ¬ 
ous experiences of the subject, and these may determine 
whether the net effect of CCK release is anxiety, panic, or 
instead, perceived safety (Harro 2006). 


c 




282 


Cholecystokinins 


Implications to Other Psychiatric Symptoms and 
Disorders 

CCK is found in mesetelencephalic dopaminergic neu¬ 
rons that are implicated in ► schizophrenia. CCK inhibits 
dopaminergic activity, changes in the number of CCK 
expressing neurons have been reported in patients, and 
thus CCK peptides have been tested in clinical studies as 
adjuncts to standard antipsychotic treatment (Reeve et al. 
1994). It is now known that the interaction between CCK 
and dopamine neurons takes place at several sites in the 
brain, involves both CCK receptor subtypes, and is thus 
very complex, which together with the differences in 
design in clinical studies may explain why unequivocal 
results have not been obtained. Alteration in cortical 
expression of CCK mRNA in schizophrenia could be spe¬ 
cific to GABA-ergic circuits and relevant to working 
memory dysfunction in schizophrenia (Hashimoto 
et al. 2008). 

CCK plays a significant role in cognition (Hebb et al. 
2005). The ability of CCK to enhance fear-potentiated 
startle may be related to its anxiogenic properties, but 
also to an additional increase in vigilance or memory 
retention. CCK B receptor deficient mice have increased 
locomotor activity and an impairment of spontaneous 
alternation behavior suggestive of deficiency of ► atten¬ 
tion or memory. There appears to be a double dissocia¬ 
tion between the anxiogenic and pro-cognitive effects of 
CCK: while many anxiogenic drugs can enhance learning 
and memory, CCK can be pro-cognitive even when no 
effect on emotion is observed, and yet in other paradigms 
reduce memory both in non-anxious and anxious sub¬ 
jects. Decreases in CCK levels that accompany aging have 
been associated with age-related memory loss. 

CCK receptor antagonists modulate effects of ► psy¬ 
chomotor stimulants. Low doses of CCK A antagonists 
reduce the locomotor enhancing effects of ► amphet¬ 
amine, and such a coadministration prevents amphet¬ 
amine sensitization from developing. Conversely, CCK B 
receptor blockade enhances the psychomotor stimulant 
effect of amphetamine, and further increase sensitization. 
Thus, release of CCK occurs during the amphetamine- 
induced psychomotor response, and this release has op¬ 
posite effects that are mediated simultaneously via CCK A 
and CCK b receptors and physiologically cancel each other 
out. Interference with this balance may be important in 
drug addiction. It seems that to be expressed in full, 
especially the synergistic effects of psychostimulants and 
CCK b receptor antagonists require drug administration to 
be contingent with exposure to the testing environment. 

CCK affects opioid-dependent pain perception (Berna 
et al. 2007; Hebb et al. 2005). Both CCK A and CCK B 


antagonists potentiate p- and d -opioid receptor depen¬ 
dent analgesia. Disrupting CCK B mediated neurotrans¬ 
mission by administration of antisense oligonucleotides 
or knocking the receptor out in mice also potentiates the 
effects of ► morphine and endogenous opioids. CCK acts 
as a mediator in the periaqueductal grey matter serving 
both as a positive feedback loop between spinal cord and 
brainstem that potentiates spinal transmission of nocicep¬ 
tive afferent input, and a suppressor of the opioid-driven 
anti-nociceptive descending pathway (Lovick 2008). Be¬ 
cause ovarian hormones modulate the response of peria¬ 
queductal grey neurons to CCK, physiological 
fluctuations in pain sensitivity and responsiveness to opi¬ 
ates in females could involve changes in sensitivity to 
CCK. Whether drugs acting at CCK receptors could 
have a major effect on ► opiate dependence is less clear, 
but CCK a antagonists have been reported to prevent the 
development of tolerance to morphine analgesia. Inter¬ 
estingly, CCK antagonists enhance the analgesic ► place¬ 
bo effect and attenuate anxiety-induced ► hyperalgesia 
(Colloca and Benedetti 2007). 

CCK is an obvious target in studies on obesity and 
eating disorders, and impaired CCK response to a meal 
has been reported to occur in bulimia nervosa patients. 
CCK receptors undergo complex regulation and can be 
rapidly desensitized and also resensitized. Continuous 
minipump infusion of CCK loses its behavioral, including 
anorectic efficacy in animal models, suggesting that CCK A 
agonists may in principle not be sufficient as monother¬ 
apy. However, subchronic once daily administration of a 
peptide CCK A receptor agonist has been found not to lead 
to tolerance in an operant feeding test. Nevertheless, in 
clinical studies CCK A agonist monotherapy has so far 
failed to show any beneficial effect in obese subjects 
(Berna et al. 2007). 

Therapeutic Potential 

Many subtype-selective CCK receptor agonists and anta¬ 
gonists of different chemical classes are available, but there 
is no established therapeutic use (Berna et al. 2007). 
Regarding the CNS disorders of the few trials that have 
failed to show superiority of these drugs over placebo, the 
schizophrenia studies have been methodologically too 
limited to draw conclusions. Selective CCK B antagonists 
have not been effective in ► panic disorder. However, 
animal research suggests that CCK ligands deserve inves¬ 
tigation as adjunctive medications in anxiety and addi¬ 
ctive disorders if applied together with appropriate 
behavioral therapies. CCK receptor antagonism may 
also prove beneficial when combined with other neuro¬ 
chemical actions. 
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► Anxiety: Animal Models 

► Attention 

► Benzodiazepines 

► Corticotropin Releasing Factor 
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► Opioids 
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► Schizophrenia 
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Choline Acetyltransferase 

Synonyms 

ChAT 

Definition 

Choline acetyltransferase (ChAT) is an enzyme that is 
synthesized within the body of a neuron. It is then trans¬ 
ferred to the nerve terminal via axoplasmic flow. The role 
of choline acetyltransferase is to join acetyl-Co A to cho¬ 
line, resulting in the formation of the neurotransmitter 
► acetylcholine. 


Cholinergic 

Definition 

Cholinergic means related to the neurotransmitter ► ace¬ 
tylcholine. The parasympathetic nervous system is entire¬ 
ly cholinergic. Neuromuscular junctions, preganglionic 
neurons of the sympathetic nervous system, the basal 
forebrain, and brain stem complexes are also cholinergic. 
There are also significant numbers of cholinergic nuclei in 
the mammalian brain. 


Cholinesterase Inhibitors 

Definition 

Cholinesterase inhibitors are a group of medications used 
in the treatment of ► Alzheimer’s disease. They inhibit 
CNS acetylcholinesterase in the synaptic cleft, thus pre¬ 
venting the degradation of endogenously released acetyl¬ 
choline. There are three cholinesterase inhibitors that are 
marketed for treatment of the cognitive symptoms of 
Alzheimer’s disease including ► donepezil, ► galanta- 
mine, and ► rivastigmine. 


Chromatin 

Definition 

The major components of chromatin are DNA and his¬ 
tone proteins, although many other chromosomal pro¬ 
teins have prominent roles too. The functions of 
chromatin are to package DNA into a smaller volume to 
fit in the cell, to strengthen the DNA to allow mitosis and 
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Chromatin Immunoprecipitation 


meiosis, and to serve as a mechanism to control expres¬ 
sion and DNA replication. The structure of chromatin 
(whether it is open or closed) around a gene determines 
the rate at which that gene is transcribed. 

Cross-References 

► Gene Expression and Transcription 

► Histone Deacetylase Inhibitors 


Chromatin Immunoprecipitation 

Synonyms 

ChIP 

Definition 

Chromatin immunoprecipitation (ChIP) is a method used 
to determine the location of DNA binding sites on the 
genome for a particular protein of interest. This technique 
gives a picture of the protein-DNA interactions that occur 
inside the nucleus of living cells or tissues. The principle 
underpinning this assay is that DNA-binding proteins (in¬ 
cluding transcription factors) in living cells can be cross- 
linked (often using formaldehyde) to the DNA to which 
they are binding. By using an antibody that is specific to a 
putative DNA binding protein, one can immunoprecipitate 
the protein-DNA complex out of cellular lysates. 

Cross-References 

► Gene Expression and Transcription 

► Histone Deacetylase Inhibitors 


Chromatin Remodeling 

Synonyms 

Epigenetics 

Definition 

Changes in the structure of chromatin due to posttransla- 
tional modifications, such as histone acetylation, methyl- 
ation, phosphorylation, and DNA methylation may 
lead to chromatin remodeling. These changes are also 
referred as epigenetic modifications that are responsible 
for changes in gene activity and expression without 
altering the DNA sequence. 

Cross-References 

► Epigenetics 


Chronic Disappointment Reaction 

Synonyms 

Demoralization syndrome 

Definition 

A syndrome involving lowered or dysphoric mood that 
occurs in response to a perceived unpleasant situation or 
set of experiences that is repetitive or enduring. The 
offending experience typically represents an assault on 
the individual’s self-concept or self-esteem. The person 
experiencing a chronic disappointment reaction may 
feel overmatched by the circumstances and may feel help¬ 
less and/or hopeless in terms of prospects for improving 
the situation. Such a person may engage in any of a 
number of attitudes or behaviors to protect his or her 
feeling state from further adverse impact - such as avoid¬ 
ance, disinterest, or psychosocial withdrawal. The person 
having the chronic disappointment reaction may or may 
not be fully aware of, or fully able to explain, the issue or 
issues to which the reaction is in response. A chronic 
disappointment reaction can continue with an open- 
ended duration. 

Cross-References 

► Depressive Disorder of Schizophrenia 


Chronic Hairpulling 

► Trichotillomania 


Chronic Low-Grade Depression 

► Dysthymic Disorder 


Chronic Mild Stress 

Definition 

A model of depression that has been extensively validated, 
in which rats or mice are subjected to a constant barrage 
of mild stressors, such as decreased availability of food 
or water, and changes in housing or lighting conditions. 
This procedure produces many symptoms comparable to 
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those seen in ► depression, including anhedonia, the 
core symptom of the major subtype of depression, 
melancholia. 

Cross-References 

► Animal Models of Psychiatric States 

► Depression: Animal Models 


Chronomedicine 

► Circadian Rhythms 


Chronopharmacology 

► Circadian Rhythms 


Circadian Rhythm Sleep Disorders 

Definition 

Sleep disorders resulting from a misalignment between 
the timing of the individual’s circadian rhythm of sleep 
propensity and the 24 h social and physical environment. 


Circadian Rhythms 

Bjorn Lemmer 

Institute of Experimental and Clinical Pharmacology and 
Toxicology, Ruprecht-Karls-University of Heidelberg, 
Mannheim, Germany 


Synonyms 

Biologic rhythms; Biological clock 

Definition 

Introduction: The Biological Clock 

Living organisms are continuously influenced by external 
stimuli, many of which have rhythmic patterns. Environ¬ 
mental rhythms in daily and seasonal patterns of light, food 
availability, and temperature are predictable, and animals - 
including humans - have the ability to anticipate these 


environmental events with periodically and predictably 
changing internal conditions. These rhythmic patterns of 
anticipation have clear advantages and survival value. Thus, 
rhythmicity is the most ubiquitous feature of nature. 
Rhythms are found from unicellular to complex multicellu¬ 
lar organisms in both plants, animals, and men. The fre¬ 
quencies of rhythms in nature cover nearly every division of 
time. There are rhythms that oscillate once per second (e.g., 
in the electroencephalogram), once per several seconds 
(respiratory rhythm, heart rate), up to rhythms that oscil¬ 
late once per year (circannual rhythm). 

The most evident environmental change that results 
from the regular spin of the earth around its central axis 
and resulting in the alternation between day and night 
seems to have induced the predominant oscillation, the 
circadian rhythm (the about-24-h rhythm; circa=about, 
dies = day, as proposed by Halberg (1959). There is 
sound evidence that living systems including humans 
are not only organized in space but are also highly 
organized in time. 

Circadian rhythms have been documented throughout 
the plant and animal kingdoms at every level of eukaryotic 
organization. Circadian rhythms by definition are endog¬ 
enous in nature, driven by oscillators or clocks (Aschoff 
1965), and persist under free-running conditions. In vari¬ 
ous species ( Drosophila melanogaster , Neurospora , Mouse , 
Golden hamster ), the genes controlling circadian rhythms 
have been identified (genes: per, frq , clock , tau). In 1971, 
Konopka and Benzer (1971) were able to identify on the X 
chromosome of Drosophila a region, which controlled the 
period in the eclosion rhythm of three mutants ( per clock 
gene). This data provided the first evidence that the 
biological clock is genetically determined and can even 
be transplanted from one animal into another, thereby 
inducing the rhythmicity of the donor into the recipient. 

Circadian clocks are believed to have evolved in par¬ 
allel with the geological history of the earth, and have 
undergone selection pressures imposed by cyclic factors 
in the environment. These clocks regulate a wide variety 
of behavioral and metabolic processes in many life forms. 
They enhance the fitness of organisms by improving their 
ability to efficiently anticipate periodic events in their 
external environments, especially periodic changes in 
light, temperature, and humidity. 

The mammalian circadian clock, located in the neu¬ 
rons of suprachiasmatic nuclei (SCN) in the brain and 
in the cells of peripheral tissues, is driven by a self- 
sustained molecular oscillator, which generates rhythmic 
gene expression with a periodicity of about 24 h. This 
molecular oscillator is composed of interacting positive 
and negative transcription/translation feedback loops as 
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Circadian Rhythms 


well as clock-controlled output genes. It is interesting to 
note that clock genes have been also found in single cells 
of human skin and mucosa (Bjarnason et al. 2001), fur¬ 
thermore, it has been shown that about 8-10% of all genes 
are regulated in a circadian fashion. 

In general, the human endogenous clock does not 
run at a frequency of exactly 24 h, but tends to be 
somewhat slower. The rhythm in human body tempera¬ 
ture, which is timed by the biological clock has a period 
of about 25-h under free-running conditions, i.e., with¬ 
out environmental time-cues or Zeitgebers (e.g., light, 
temperature). The term “Zeitgeber” introduced by Jurgen 
Aschoff (1954), is now part of the international scientific 
language. Mammals such as rodents or humans can en¬ 
train their activity to regular light cycles not shorter than 
22 but not longer than 26 h. Zeitgebers entrain the circa¬ 
dian rhythm to a precise 24-h period. Zeitgebers are, ther¬ 
efore, necessary to entrain a living subject to a “normal” 
period of 24 h! 

In experimental animals and in humans, however, 
most rhythmic fluctuations still cannot be studied under 
free-running conditions, leaving the answer open to what 
degree they are really “circadian.” Purely exogenous 
rhythms are better termed as “24-h” or “daily” rhythms. 
Thus, an overt 24-h rhythm in a given parameter can be 
endogenous or predominately exogenous in nature. With¬ 
in the published clinical literature, however, the term 
“circadian” is not always used in the above mentioned 
correct sense (as used by chronobiologists). 

Circadian Rhythms in Man 

It is a common paradigm in clinical pharmacology that 
pharmacokinetic parameters are considered not to be 
influenced by the time of day of drug administration. 
Concerning drug concentrations-versus-time profiles, “the 
flatter the better ’ is also a common aim in drug targeting. 
However, there is convincing evidence that this paradigm 
cannot be held any longer. The reason is that it is now well 


established that nearly all functions of the body, including 
those influencing ► pharmacokinetic parameters, display 
significant daily variations. Circadian or 24-h rhythms 
exist in heart rate, body temperature, blood pressure, 
blood flow, stroke volume, peripheral resistance, para¬ 
meters of ECG recordings, in the plasma concentrations 
of hormones, neurotransmitters, and second messengers 
(e.g., cortisol, melatonin, insulin, prolactin, atrial 
natriuretic hormone, noradrenaline, cAMP), in the reni¬ 
n-angiotensin-aldosterone-system, in blood viscosity, 
aggregability and fibrinolytic activity, in the plasma concen¬ 
trations of glucose, electrolytes, plasma proteins, enzymes, 
in the number of circulating red and white blood cells and 
blood platelets, etc. Moreover, various functions of the lung 
such as minute volume, peak flow, FEVi, dynamic compli¬ 
ance, functions of the liver (metabolism, estimated he¬ 
patic blood flow, first-pass effect) and of the kidneys 
(glomerular filtration, renal plasma flow, pH, urine vol¬ 
ume, electrolyte excretion) vary with time of day. Also 
gastric acid secretion, gastrointestinal motility, gastric 
emptying time, and GI-tract perfusion exhibit pro¬ 
nounced circadian variation (see Lemmer 1989, 
2005, 2006; Reinberg and Smolensky 1983). 

Chronoepidemiology 

In man, the organization in time can also be seen in 
certain states of disease in which the onset and symptoms 
do not occur at random within 24 h of a day: Asthma 
attacks are more frequent at nightly hours than at other 
times of day as already observed about 300 years ago by 
John Floyer (1698) when stating “I have observed the fit 
always to happen after sleep in the night 

Similarly, the occurrences of coronary infarction as 
well as of angina pectoris attacks and of pathologic 
ECG-recordings are unevenly distributed over the 24 h 
span of a day with a predominant peak in the early 
morning hours. Moreover, subtypes of a disease entity 
such as forms of vasospastic and stable angina pectoris 


Circadian Rhythms. Table 1. Biological rhythms and oral pharmacokinetics (Lemmer 2005). 


Liberation 

Absorption Gl-tract 

Distribution 

Metabolism liver 

Elimination kidney 

(Time-specified release, 

Perfusion 

Perfusion 

Perfusion 

Perfusion 

programmable) 

Gastric pH 

Blood distribution 

First-pass-effect 

Renal plasma flow 


Acid secretion 

Peripheral 

resistance 

Enzyme activity 

Glomerular filtration 

rate 


Motility 

Blood cells 

Transporter 

proteins 

Urine excretion 


Gastric emptying 

Protein binding 


Urine pH 


Rest-activity 

Rest-activity 


Electrolytes 
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or of primary and secondary hypertensions may exhibit 
pronouncedly different 24-h patterns in their symptoms. 
The occurrence of stroke, fatal pulmonary embolism, the 
onset of gastrointestinal bleeding, etc., does also not occur 
at random within 24 h of a day. 

Current Concepts and State of Knowledge 


place, but also this must occur at the right time. This is 
even more important when an organism or individual 
itself has to act or react in favorable biotic or environmen¬ 
tal conditions, which by themselves are highly periodic. 
Thus, it is easy to understand that exogenous compounds, 
including drugs, may differently challenge the individual 
depending on the time of exposition. 


c 


Chronopharmacology 

Having in mind the organization in time of living systems 
including man, it is easy to conceive that not only must 
the right amount of the right substance be at the right 


Chronopharmacokinetics and 
Chronopharmacodynamics 

In the last decade, numerous studies in animals as well as 
clinical studies, have provided convincing evidence that 


Circadian Rhythms. Table 2. Chronopharmacokinetic studies in man. 


Cardiovascular active drugs 

Antiasthmatic drugs 

Beta-Blockers 

Aminophylline Theophylline 

Propranolol 

Terbutaline 

Atenolol 

Prednisolone 

Arotinolol (a-,(3-blocker) 

Pranlukast 

Calcium Channel Blockers 

NSAIDs, local anesthetics 

Diltiazem 

Acetylsalicylic acid 

Nifedipine 

Indomethacin 

Verapamil 

Ketoprofen Diclofenac 

Nitrendipine 

Pronaprofen Naproxen 

Organic Nitrates 

Phenacetin Paracetamol 

Isosorbide-dinitrate 

Lidocaine Bupivacaine 

lsosorbide-5-mononitrate 

Sulindac Ibuprofen 

ACE Inhibitors 

Opioids 

Enalapril 

Dihydrocodeine 

Others 

Tramadol 

Digoxin Methyldigoxin 

Anticancer drugs 

Potassium chloride 

Cisplatin 

Dipyridamol Tiracizine 

Doxorubicine 5-Fluorouracil 


Cyclosporine 

Psychotropic drugs 

Vindesine 

Benzodiazepines 

Methotrexate 

Diazepam Lorazepam 

Busulfan Mercaptopurine 

Midazolam Temazepam 

Antibacterial agents 

Melatonin 

Amikacin 

Hexobarbitone 

Cefprozil 

Amitriptyline Nortriptyline 

Ampicillin 

Lithium 

Gentamycine 

Haloperidol 

Griseofulvin 

Carbamazepine 

Sulphasymazine 

Diphenylhydantoine 

Sulphisomodine 

Valproic acid 

Vancomycin 

Levodopa 

Gastroenterology 

Miscellaneous 

Cimetidine 

Ethanol Coffein 

Omeprazole 

Mequitazine 

Pravastatine 

Dexamethasone 


5-Methoxysporalene 
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Circadian Rhythms. Table 3. Chronopharmacodynamic studies in man. 


Cardiovascular active drugs 

Beta-blockers 

Antiasthmatic drugs 

Theophylline Aminophylline 

Orciprenaline 

Terbutaline Bambuterol 

Metacholine 

Methylprednisolone 

Dexamethasone Fluticasone 

Budesonide Ciclesonide 

Adrenaline Isoprenaline 

Terbutaline + Budesonide 

Acebutolol Metoprolol 

Atenolol Nadolol 

Bevantolol Oxprenolol 

Bopindolol Pindolol 

Labetolol Propranolol 

Mepindolol Sotalol 

Bisoprolol Carvedilol 

Nebivolol Timolol (IOP) 

Beta-agonists 

Psychotropic drugs 

Xamoterol Midodrine 

Diazepam 

Terbutaline (IOP) Adrenaline (IOP) 

Clomipramine 

Calcium channel blockers 

Haloperidol 

Amlodipine Nitrendipine 

Phenylpropanolamine 

Nifedipine Verapamil 

Caffeine 

Nisoldipine Lacidipine 

Desipramine 

Diltiazem Isradipine 


Nicardipine 


ACE inhibitors 

H r antihistamines 

Captopril Enalapril 

Clemastine Terfenadine 

Quinapril Lisinopril 

Cyproheptadine 

Perindopril Spirapril 

Mequitazine 

Benazepril Delapril 


Trandolapril 


AT r receptor antagonists 

Ophthalmology 

Irbesartan Losartan 

Terbulatine Timolol 

Diuretics 

Adrenaline 

Hydrochlorothiazide 

Isoprenaline 

Indapamide 

NSAIDs, general and local anesthetics and opioids 

Xipamide 

Acetylsalicylic acid 

Piretanide Torasemide 

Flurbiprofen Ibuprofen 

Furosemide 

Ketoprofen Indomethacin 

Organic nitrates 

Metamizole Pranoprofene 

Glyceryl-trinitrate 

Paracetamol 

Isosorbide-dinitrate 

Tenoxicam Piroxicam 

lsosorbide-5-mononitrate 

Mepivacaine 


Carticaine Lidocaine 

C/u/c/S 

Halothane 

Clonidine 


Prazosin 

Morphine Fentanyl 

Phentolamine 

Narcotic analgesics 

Indoramine 

Endocrinology/Gastroenterology 

Potassium chloride 

Prednisone ACTH 

Sodium nitroprusside 

Methylprednisolone 

Insulin Tolbutamide 


Anticancer drugs 

(Z 11 irnco 

Cisplatin Oxaliplatin 

THP FI IDR 

VJIULUbt: 

Bezafibrate Clofibrate 

i nr ruun 

Simvastatine 

Folinic acid 


Doxorubicin Methotrexate 

Proton pump inhibitors 

Busulfan Combinations 

Omeprazole Lansoprazole 

Miscellaneous 

H 2 -blockers 

Tuberculin Ethanol 

Cimetidine Famotidine 

Heparin Nadroparine 

Nizatidine Ranitidine 

Placebo Bright light 

Roxatidine 
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the ► pharmacokinetics (Lemmer and Bruguerolle 1994) 
and/or the drugs’ effects/side effects can be modified by 
the circadian time and/or the timing of drug application 
within 24 h of a day (see Lemmer 1989, 2005, 2006; 
Redfern and Lemmer 1997; Reinberg and Smolensky 1983). 

Functions involved in the pharmacokinetic steps - 
from drug absorption to drug elimination - can be circa¬ 
dian phase dependent (Table 1). Thus, gastric emptying 
time of solids is faster in the morning than in the after¬ 
noon. Also, the perfusion of the gastrointestinal tract 
varies with time of day, being more pronounced at mid¬ 
night and early morning hours than around noon and in 
the late afternoon. These observations would nicely ex¬ 
plain that - in general - drugs are more rapidly absorbed 
and do more rapidly reach the systemic perfusion when 
taken in the morning. Accordingly, clinical studies 
showed - mainly for lipophilic drugs - that Tmax (time 
to peak drug concentration) can be shorter and/or Cmax 
(peak drug concentration) can be higher after morning 
drug dosing than evening drug dosing. 

In Tables 2 and 3, drugs are compiled for which the 
pharmacokinetics and -dynamics were studied “around 
the clock” in order to get information whether a circadian 
time-dependent effect is present. This observation was 
corroborated for a number of compounds resulting in 
recommendations for a time-specified drug dosing. 
These findings have greatly contributed to the fact that 
now “time-of-day 1 plays an increasing role in drug treat¬ 
ment (see Lemmer 1989, 2006; Redfern and Lemmer 
1997; Reinberg and Smolensky 1983). Unfortunately, psy¬ 
chotropic drugs were only scarcely studied in this respect 
(see Tables 2 and 3). 

Conclusion 

The chronopharmacological studies published in recent 
years gave evidence that both the pharmacokinetics and 
the effects of drugs can be circadian phase dependent. In 
the light of the circadian organization of the onset and 24-h 
pattern of various diseases, the knowledge about possible 
chronokinetics and a circadian phase dependency in the 
dose response relationship are of utmost importance for 
increasing drug efficacy and/or reducing side effects. 

Cross-References 

► Analgesics 

► Anticonvulsants 

► Antidepressants 

► Antipsychotic Drugs 

► Barbiturates 

► Benzodiazepines 

► Beta-Adrenoceptor Antagonists 


► Caffeine 

► Drug Interactions 

► Histaminic Agonists and Antagonists 

► Hypnotics 

► Lithium 

► Opioids 

► Pharmacokinetics 

► Placebo Effect 
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Circumventricular Organs 

Definition 

Regions of the brain where capillaries lack a blood-brain 
barrier, thus rendering possible direct and rapid solute 
exchange between blood and brain. These regions are the 
median eminence, neurohypophysis, pineal gland, orga- 
num vasculosum of the lamina terminalis, subfornical 
organ, subcommissural organ, area postrema, and the 
choroid plexus. 

Cross-References 

► Blood-Brain Barrier 
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Citalopram 


Citalopram 

Definition 

Citalopram is a selective serotonin reuptake inhibitor 
(SSRI). It is commonly used in the treatment of depres¬ 
sion and some of the more severe anxiety disorders (e.g., 
obsessive-compulsive disorder, panic disorder, social anx¬ 
iety disorder). As with other SSRIs, the most troublesome 
side effect of citalopram is sexual dysfunction (dysorgas- 
mia and erectile dysfunction); mild side effects include 
drowsiness, headache, and nausea. Escitalopram, the 
S -enantiomer of racemic citalopram, is also marketed as 
an antidepressant. 

Cross-References 

► Antidepressants 

► Escitalopram 

► Selective Serotonin Reuptake Inhibitors (SSRIs) 


► Clearance 


Classical Anticonvulsants 

► First-Generation Anticonvulsants 


Classical Antipsychotics 

► First-Generation Antipsychotics 


Classical Conditioning 

Synonyms 

Pavlovian conditioning 

Definition 

Classical conditioning results when a stimulus that initi¬ 
ally does not elicit a response comes to do so by associa¬ 
tion with a stimulus that does elicit a response. For 
example, a drug can serve as the unconditional stimulus 
(US) and produces an unconditional response (UR). 


Pairing of an initially neutral stimulus with the drug 
leads to acquisition by that stimulus (the conditional 
stimulus or CS) of the ability to produce a response like 
the US, termed the conditioned response (CR). The new 
property of the CS is conditional by its association with an 
established stimulus-response relationship of US-UR. 


Classical Fear Conditioning 

► Pavlovian Fear Conditioning 


Classical Neuroleptics 

► First-Generation Antipsychotics 

► Typical Antipsychotics 


Classical (Pavlovian) Conditioning 

John A. Harvey 

Department of Pharmacology and Physiology, Drexel 
University College of Medicine, Philadelphia, PA, USA 


Synonyms 

Associative learning; Respondent conditioning 

Definition 

Pavlovian conditioning is a form of learning in which an 
association is formed between two stimuli. The Russian 
physiologist Ivan P. Pavlov (1849-1936) was the first to 
describe and codify this form of learning (Pavlov 1927). 
In its most basic form this requires the presentation of a 
novel stimulus (conditioned stimulus, CS) just prior to a 
second, biologically significant stimulus (unconditioned 
stimulus, US) that is capable of eliciting a reflexive re¬ 
sponse. As a result of this stimulus pairing, the CS 
acquires the ability to elicit a conditioned response (CR) 
that is identical to the reflexive response (unconditioned 
response, UR) elicited by the US. The CS also acquires the 
aversive or appetitive properties of the US. There are a 
number of related forms of Pavlovian conditioning that 
are used to examine drug effects (see ► Pavlovian fear 
conditioning; ► Conditioned drug effects; ► Conditioned 
taste aversion). 
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Impact of Psychoactive Drugs 

Examination of drug effects on Pavlovian conditioning 
has employed only a limited number of target responses 
with the conditioned eyeblink response being the most 
widely used. Eyeblink conditioning is carried out by pre¬ 
senting a tone or light CS just prior to delivery of an 
airpuff US to the cornea or a shock US to the cheek. 
These USs elicit a spectrum of responses but the eyeblink 
UR elicited by the airpuff or shock is the identified target 
response. Various components of the eyeblink can be 
measured including external eyelid closure in humans, 
rabbits, and rodents; retraction of the eyeball and the 
associated passive extension of the nictitating membrane 
in the rabbit; and the electrical signal generated by the 
muscles involved in the eyeblink. Three other target 
responses have also been employed. Acquisition of the 
conditioned skin conductance CR in humans is accom¬ 
plished by the pairing of a tone CS and an aversive white 
noise US. Appetitive conditioning of the rabbit’s jaw 
movement response involves the pairing of a tone or 
light CS with presentation of an appetitive US such as 
water to a thirsty animal or a highly palatable solution of 
sucrose to a nondeprived animal. The US is delivered 
directly into the oral cavity and jaw movements as the 
animal swallows are recorded by direct measurement. 
Drugs have also been examined for their effects on the 
acquisition of a conditioned heart rate response (brady¬ 
cardia) resulting from the pairing of a tone CS with 
delivery of a shock US. The popularity of the eyeblink 
response is due to several factors. Eyeblink conditioning 
is abnormal in various neuropathologies that impair as¬ 
sociative processes in humans such as ► schizophrenia, 

► Alzheimer’s dementia, amnesic ► Korsakoff syndrome, 

► fetal alcohol syndrome, ► autism, and ► obsessive- 
compulsive disorder (Steinmetz et al. 2001), and this 
provides the opportunity to employ both humans and 
experimental animals to examine the potential therapeu¬ 
tic effects of drugs in these disorders (see ► Dementias: 
animal models; ► Schizophrenia Animal Models). This 
comparison has been shown to be valid since the eyeblink 
response in nonhuman subjects, such as the rabbit, has 
been extensively characterized with respect to parametric 
variations in stimulus scheduling, and has been shown to 
demonstrate all of the associative phenomena seen in 
humans (Gormezano et al. 1983). The effects of drugs 
on learning have been measured during acquisition of 
CRs to a single stimulus, experimental extinction, acqui¬ 
sition or reversal of a discrimination, and serial com¬ 
pound conditioning. Drug effects have been measured 
after acute or chronic drug administration, after parenter¬ 
al or central injection, in progeny after prenatal drug 


exposure, and during early postnatal development. 
Drugs employed have been hormones, toxins, and the 
major classes of pharmaceutical agents including ► hallu¬ 
cinogens, ► antipsychotics, ► antidepressants, ► opioids, 
► benzodiazepines, cognition enhancers, and ► psychos¬ 
timulants (Schindler and Harvey 1990). 

Two basic schedules are employed in Pavlovian condi¬ 
tioning, delay and trace. In delay conditioning the CS is 
presented in close contiguity with the presentation of the 
US either by simultaneous offset of CS with onset of US or 
by an overlap of CS and US. In trace conditioning, the 
offset of the CS is followed by a period of time (the trace 
interval) before US onset. Learning during delay and trace 
conditioning is mediated by different neuronal circuits. In 
both rabbits and humans, trace conditioning requires the 
integrity of the limbic cortex while delay conditioning 
depends on the integrity of brain stem circuits. Human 
subjects are aware of the relationship between CS and US 
during trace conditioning, while delay conditioning pro¬ 
ceeds without awareness (Clark and Squire 1998; LaBar 
and Disterhoft 1998). These schedules of Pavlovian con¬ 
ditioning also generate different rates of learning depend¬ 
ing on the CS-US interval defined as the time between 
onset of the CS and US and/or the duration of the trace 
interval defined as the time between CS offset and US 
onset. For both delay and trace conditioning the rate of 
acquisition and final asymptotic performance of CRs 
decreases with increasing CS-US intervals, and within a 
fixed CS-US interval, increases in the trace interval also 
decrease rates of learning and asymptotic performance. As 
would be expected, the highest rates of acquisition occur 
with short delay intervals. The percentage enhancement 
or retardation of associative learning by drugs is an in¬ 
verse function of the rate of CR acquisition in vehicle 
controls. Consequently, the ► ED 50 for the effects of a 
drug on learning can vary by more than tenfold depend¬ 
ing on the schedule employed. There are several control 
procedures used to determine the behavioral process 
through which a drug may be affecting CR acquisition. 
For example, one can distinguish between associative 
learning that results from the explicit pairing of CS and 
US, and nonassociative learning often referred to as pseu¬ 
do conditioning or sensitization that can occur when the 
CS and US are presented at temporal intervals that do not 
support learning in normal controls (Gormezano et al. 
1983). Using explicitly unpaired presentations of CS and 
US, one can determine whether a drug enhances the 
production of CRs to the CS and/or URs to the US. The 
increase in CRs might be due to an enhanced baseline rate 
of responding and this can be determined by measuring 
the response during the interval prior to the presentation 
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of the US, the period when a CS would have been pre¬ 
sented during paired trials. One can also determine 
whether the drug had altered motoric function by exam¬ 
ining the topography of the CR and UR in terms of their 
onset latencies, peak amplitude, and rise time (time 
between the onset of a response and its achievement of 
peak amplitude). Finally, if the drug has produced its 
effects by altering the rate of associative learning, one 
can further determine whether the effect is due to a 
change in sensory processing of the CS or US by measur¬ 
ing the percentage of CRs as a function of CS intensity 
and URs as a function of US intensity in animals that had 
reached asymptotic performance of CRs. 

One of the characteristics of Pavlovian conditioning is 
its precise temporal resolution. For example, in eyeblink 
conditioning there is no evidence of conditioning at CS- 
US intervals at or below 75 ms. With increasingly longer 
intervals there is a proportionate increase in conditioning 
that reaches its peak sometime between 200 and 400 ms. 
At longer intervals conditioning declines and is totally 
absent at intervals of approximately 1-2 s. Similar CS- 
US functions are generated in other organisms from aply- 
sia to humans. Thus, this CS-US function has been highly 
conserved during evolution and represents two constraints 
on associative learning. First, an association cannot be 
formed if the CS cannot elicit a CR before the occurrence 
of the US, an interval of approximately 75 ms. Second, the 
probability that a CS is predictive of the delivery of a US, 
becomes increasingly less likely as the CS-US interval 
becomes longer. Drugs have a differential effect on 
learning depending on the CS-US interval employed 
(Harvey et al. 1985). Both the enhancement of learning 
produced by LSD and the retardation of learning pro¬ 
duced by scopolamine are the greatest at short and long 
ISIs and are barely detectable at the optimal ISI of 200 ms. 

The use of Pavlovian eyeblink conditioning has 
revealed the involvement of a number of drug classes and 
their receptors in learning (Schindler and Harvey 1990). 
Hallucinogens enhance the rate of associative learning as 
agonists at the 5-HT 2 a receptor at doses comparable to 
those that elicit hallucinations in humans (Table 1) (see 
► Hallucinogens). The enhancement of associative 
learning by d-lysergic acid diethylamide occurs during 
aversive Pavlovian conditioning of the eyeblink response 
and the appetitive jaw movement response. Antipsycho- 
tics act as ► inverse agonists at the 5-HT 2 a receptor to 
retard the rate of learning and thus block the effects of 
hallucinogens (see ► Antipsychotic drugs; ► Inverse Ago¬ 
nists). Finally, ► antagonists such as d-bromolysergic acid 
and ketanserin have no effect on learning but do block the 
effects of ► agonists and ► inverse agonists. The existence 
of antagonists and inverse agonists at the 5-HT 2A receptor 


Classical (Pavlovian) Conditioning. Table 1. Enhancement 
of eyeblink conditioning in rabbits is correlated with produc¬ 
tion of hallucinations in humans. 


Hallucinogens 

Rabbit (|uig/kg a ) 

Human (|mg/kg b ) 

LSD 

0.8 

1.0 

DOM 

52 

50 

MDMA 

500 

250 

MDA 

800 

1,000 

BOL 

No effect 

No effect 


a ED 50 for enhancement of eyeblink conditioning in rabbits 
threshold dose for elicitation of ► hallucinations in human subjects 
LSD D-Lysergic acid diethylamide; DOM BOL, D-2-Bromolysergic 
acid diethylamide; D,l-2,5-dimethoxy-4-methylamphetamine; MDMA, 
D,l-methylenedioxymethamphetamine; MDA 
D,l-methylenedioxyamphetamine 

indicates that this receptor is ► constitutively active 
(Harvey 2003). The cholinergic system has been of special 
interest as a target for drugs effective in Alzheimer’s and 
other forms of dementia. Since eyeblink conditioning has 
been shown to be impaired in Alzheimer’s dementia, a 
number of studies have examined the effects of putative 
cognitive enhancers on acquisition of the eyeblink response 
in humans and experimental animals. Muscarinic and nic¬ 
otinic agonists as well as ► cholinesterase inhibitors en¬ 
hance the rate of learning (Li et al. 2008; Weiss et al. 2000) 
while antagonists at these two receptors retard learning 
(Harvey et al. 1985) (see ► Acetylcholinesterase inhibitors 
as cognitive enhancers; ► Muscarinic agonists and 
antagonists). Both p- and K-opiod receptor agonists re¬ 
tard learning during eyeblink conditioning. The opioid 
antagonist ► naloxone has no effect on learning when 
given alone, but does block the retardation of learning 
produced by opioid agonists. A more detailed summary 
of these results has been published (Schindler and Harvey 
1990) (see ► Opioids). Inhibitors of neuronal nitric oxide 
synthase enhance learning while peripheral or central ad¬ 
ministration of nitric oxide donors retards learning (Du 
et al. 2000). Finally, NMDA channel blockers (dizocilpine, 
ketanserin) retard learning (Du and Harvey 1997). 

Cross-References 

► Acetylcholinesterase Inhibitors as Cognitive Enhancers 

► Antipsychotic Drugs 

► Conditioned Drug Effects 

► Conditioned Taste Aversion 

► Dementias: Animal Models 

► Hallucinations 

► Inverse Agonists 

► Muscarinic Agonists and Antagonists 
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► Opioids 

► Pavlovian Fear Conditioning 

► Schizophrenia Animal Models 
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Definition 

Psychopharmacology may be defined as the study of drugs 
that affect the mental state. 


Current Concepts and State of Knowledge 

Introduction 

By convention, the term psychopharmacology is applied 
to drugs that are used to treat psychiatric disorders. Such 
drugs are termed psychotropic drugs. Psychopharmacolo¬ 
gy is usually grouped with the discipline of neuropharma¬ 
cology which is concerned with the application of drugs 
for the treatment of neurologically based disorders. In 
reality, these areas often overlap. For example, several 
antiepileptic drugs are used in the treatment of bipolar 
disorder. Perhaps a more general term should be used to 
cover all pharmacologically active substances that directly 
influence brain function. 

What is the historical basis for the classification of 
psychotropic drugs? The link between psychotropic drugs 
and modern psychiatry can be traced back to the father of 
European psychiatry, Emil Kraepelin who, in 1882, under¬ 
took a research program in the University of Leipzig with 
Wilhelm Wundt “On the influence of some medicinal 
drugs on single mental processes.” In the publication 
that arose from this research, Kraepelin and Wundt sur¬ 
veyed the effects of the ► Hypnotics paraldehyde, chloral 
hydrate, ether, chloroform, the stimulant caffeine and the 
opiate morphine (Kraepelin 1899). Together with alcohol, 
these substances were the main components of the phar¬ 
macopeia at that time. In the publication, Kraepelin and 
Wundt established methods for measuring the reaction 
time and tests of memory function. In addition evaluating 
the effects of the different psychoactive drugs on these 
behavioral parameters, the placebo effects were also 
recognized. Such research led to one of the first attempts 
to classify psychoactive drugs, according to their clinical 
effects, under three headings: Narcotics that were medica¬ 
ments with a calming action comprising opium (for anx¬ 
iety and manic states), morphine, hyoscine/scopolamine 
(for inducing a rapid and deep sleep in manic patients) 
and hashish (a hypnotic with an unreliable action accord¬ 
ing to Kraepelin). Hypnotics included chloral hydrate, 
paraldehyde, sulphonal and trional, alcohol (to treat hys¬ 
teria), and chloroform (for very excited states) The third 
category of psychoactive drugs comprised the bromides 
and were used in epilepsy, neurasthenia, and insomnia; 
bromism was recognized as a serious side effect. Eugen 
Bleuler, also an important founder of European psychia¬ 
try, published a similar classification to Kraepelin but 
added a barbiturate to the list of hypnotics (Bleuler 
1916). It is worthy of note that the pharmacopeias that 
were available until the 1950s did not contain any drugs 
for the treatment of depression and schizophrenia. Non 
drug therapies available in the 1920s and 1930s included 
the shock therapies (insulin- and leptazol-induced 
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seizures) and ► electroconvulsive shock (ECT). Amphet¬ 
amine was first synthesized in 1927 but its use was con¬ 
fined to the treatment of narcolepsy. It was noted that 

► amphetamine was ineffective in the treatment of major 
depression! As is apparent from this group of drugs, until 
the latter part of the twentieth century the psychoactive 
drugs that were available to the psychiatrist were extreme¬ 
ly limited and mainly used to calm or sedate disturbed 
patients. 

The Revolution in Pharmacopsychiatry 

There is a commonly held view that coincidence and 
chance have played the major role in the discovery of the 
first therapeutically effective drugs for the treatment of 
the major psychiatric disorders. This view is only partly 
true. Take, for example, the discovery of the first effective 
neuroleptic, ► chlorpromazine. The discoverers, Delay 
and Deniker. had long been interested in discovering 
drugs for the treatment of psychotic disorders and their 
studies of chlorpromazine followed a series of studies of 
different types of sympatholytic and anticholinergic com¬ 
pounds (see Swazey 1974). In Australia at approximately 
the same time, John Cade was trying to find a treatment 
for mania. Having discovered that the urine of manic 
patients contained a high concentration of uric acid and 
that lithium carbonate (which formed a lithium salt with 
uric acid) could protect guinea pigs from the toxic effects 
of uric acid. Subsequently Cade found that, despite its 
toxicity, lithium carbonate had an antimanic effect. 

The discovery that the major psychiatric disorders 
were amenable to drug treatment gave a stimulus to the 
pharmaceutical industry to extend the research to pro¬ 
duce new therapeutically active drugs. Thus ► imipra- 
mine, a tricyclic compound related to chlorpromazine, 
showed little benefit in the treatment of schizophrenia. 
Roland Kuhn, in Switzerland, did show that imipramine 
was the first effective tricyclic antidepressant. Thus imip¬ 
ramine was added to the first ► monoamine oxidase 
inhibitor antidepressant iproniazid, a drug that was a 
spin-off from a series of hydrazide derivatives used to 
treat tuberculosis. Readers are referred to an excellent 
history of psychopharmacology by Ban et al. (2000). 

The last major breakthrough in psychotropic drug 
development came with the discovery of ► meprobamate 
for the treatment of generalized anxiety disorder (GAD). 
Meprobamate was a “central” muscle relaxant and based 
on the structure of the antispasmodic mephenesin. It 
was soon realized that the efficacy of meprobamate was 
limited and, in addition, could cause dependence. This 
discovery occurred at a time that the anxiolytic activity of 

► chlordiazepoxide, the first benzodiazepine in 


therapeutic use, was discovered thereby leading to the 
introduction of a large range of benzodiazepines that 
were used for the treatment of anxiety, insomnia, epilepsy, 
and also as anesthetic agents (►midazolam). The term 
“serendipity” is used to describe the discovery of modern 
psychotropic drugs and implies that the drugs were dis¬ 
covered by chance. However, this does not take into ac¬ 
count the background to the research, the “prepared 
mind,” that recognizes the importance of the unexpected 
discovery when it occurs (see Jeste et al. 1979). 

Thus the developments in different areas of neurosci¬ 
ence (neurochemistry, neurophysiology, neuroanatomy 
and neuropharmacology) at the time of the discovery of 
the first effective psychotropic drugs influenced the way 
psychiatrists and psychologists viewed brain function. 
If aberrant behavior was somehow based on disrupted 
neurotransmitter function then mental disorders could 
be considered from a biological perspective. Drugs could 
therefore be used to treat mental disorders in the same 
way that they are used to treat any other disease. 

However, despite the progress that has been made in 
psychopharmacology since the 1950s, progress in the past 
decade has been limited with very few genuinely novel 
compounds (rather than “me-too” drugs with marginally 
improved profiles to those already available!) being dis¬ 
covered. Perhaps a better understanding of the patho¬ 
physiological basis of the major psychiatric disorders is 
required before the next advance in the development of 
more effective psychotropic drugs can take place. 

Classification of Psychotropic Drugs 

Psychotropic drugs may be classified (1) according to 
their chemical structure, (2) by their pharmacological 
actions on specific biological processes such as receptors, 
transporter, or ion channels, or (3) by their therapeutic 
actions. Theoretically, all three approaches form a conti¬ 
nuity, as the chemical structure should indicate how the 
drug affects a specific biological process that is dysfunc¬ 
tional in the disease under consideration. However, as the 
pathophysiological basis of the psychiatric disorders is 
unknown, it is currently impossible to predict what the 
therapeutic profile of a novel compound based on its 
chemical structure or even on its in vitro and ex-vivo 
biological activities would be. For this reason, psychoac¬ 
tive drugs are largely classified according to their thera¬ 
peutic actions into seven major classes: 

1. ► Antipsycho tics for the symptomatic treatment of 
schizophrenia, psychotic states that may have a psy¬ 
chiatric or neurological basis and severe agitation 
associated with acute mania. Such drugs are 
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sometimes called “neuroleptics” or, in the older liter¬ 
ature, “major tranquilizers” (see Table 1). 

2. ► Antidepressants for the symptomatic treatment of 
depression. In the older literature, antidepressants 
were called “thymoleptics” (Table 2). 

3. ► Anxiolytics, sometimes called “minor tranquillers,” 
for the treatment of GAD. Hypnotics are essentially 
sedative anxiolytics used for the treatment of insom¬ 
nia. The psychopharmacology of the anxiety disorder 
is complex because of the diverse nature of the dis¬ 
orders that include panic disorder, phobic disorders, 
post traumatic stress disorder and obsessive compul¬ 
sive disorder in addition to GAD. True anxiolytics are 
effective in the treatment of GAD and are of only 
limited efficacy, or lack efficacy, in the treatment of 
the other disorders (Table 3). 


4. ► Mood Stabilizers are drugs used for the treatment of 
mania, hypomania and bipolar disorders (mixed 
mania and depression) (Table 4). 

5. ► Psychostimulants are a group of drugs whose ther¬ 
apeutic use is largely confined to the treatment of 
narcolepsy and attention deficit hyperactive disorder 
(ADHD). In the older literature, psychostimulants are 
called “analeptics” (Table 5). 

6. ► Nootropics are classified as a group of drugs that 
may improve cognitive function without having a 
stimulant profile. Despite the initial therapeutic claims 
that nootropics improve cognitive impairment in the 
elderly (evidence for which was partly based on im¬ 
proved cognitive function in rodents) such drugs are 
seldom used in Europe, North America or Australasia 
because they lack proven efficacy. 
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Classification of Psychoactive Drugs. Table 1. Classification of typical and atypical antipsychotics. 


Typical antipsychotics 

D2 antagonists 

Phenothiazine 

type 

Main therapeutic action on positive symptoms. EPS side effects related to D2 
blockade in basal ganglia 

Chlorpromazine 

Fluphenazine 

Perphenazine 

Prochlorperazine 

Thioridazine 

Thioxanthine 

type 

Similar potency and side effects to phenothiazines 

Chlorprothixene 

Flupenthixol 


Butyrophenone 

type 

Potent D2 antagonists 

Haloperidol 


Trifluperidol 


Pimozide 


Benzamides 

Least potent of typicals but least likely to cause EPS 

Sulpiride 

Atypical antipsychotics 

Multireceptor 

antagonists 

Clozapine 

All atypicals have less EPS side effects than typicals. Show some improvement in 
negative symptoms. Drugs of first choice for treatment of schizophrenia 

Olanzapine 

Quetiapine 

5-HT2/D2 antagonists 

Risperidone 

Paliperidone 

Ziprasidone 

Sertindole 

5-HT2/D2 partial agonist 

Aripiprazole 

D2/D3 antagonist 

Amisulpride 
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Classification of Psychoactive Drugs. Table 2. Classification of antidepressants. 


First generation 

Tricyclic antidepressants 

5-HT/NA reuptake inhibitors 

Imipramine 

Except lofepramine, all are cardiotoxic in overdose 

Amitriptyline 

5-HT<NA reuptake inhibitor 

Clomipramine 

Anticholinergic 

NA<5-HT reuptake inhibitors 

Desipramine 


Nortriptyline 


Lofepramine 

"Atypical" first generation 

Nonselective monoamine oxidase inhibitors (MAIO's) 

Block breakdown of NA and 

5-HT 

Phenelzine 

Interact with dietary amines causing hypertension 

Tranylcypromine 

Pargyline 

Second generation 

Selective serotonin reuptake inhibitors 

Fluoxetine 

Fluvoxamine 

Citalopram 

Escitalopram 

Paroxetine 

Sertraline 

First line treatment of depression. Also used to treat anxiety disorders and 
OCD 

Serotonin and Noradrenaline reuptake inhibitors (SNRFs) 

Dual action reuptake inhibitors 

Venlafaxine 

?More potent than SSRI's 

5-HT>NA 

Desvenlafaxine 


"" 

Duloxetine 


NA>5-HT 

Milnacipran 


Noradrenaline reuptake inhibitors (NRI's) 

Reboxetine 

Reversible inhibitor of MAO 

Moclobemide 

Less likely than first generation MAOI's to interact with diet 

Noradrenaline and serotonin specific antidepressants 

Increase NA, 5-HT2 antagonist 

Mianserin 


Mirtazepine 

Also anxiolytic and sedative 

Atypicals 

Trazodone 

Weak antidepressant, sedative and axiolytic 


7. ► Antidementia drugs comprise a series of com¬ 
pounds that show marginal benefit in slowing the 
mental decline, particularly in memory and some 
aspects of cognitive function, in patients with Alzhei¬ 
mer’s disease and related dementias (Table 5). 

In addition to these major groups of drugs that 
have specific therapeutic properties, there are many psy¬ 
choactive drugs that affect brain function but whose ther¬ 
apeutic actions are not directed at the symptomatic 
relief of psychiatric disorders. Such drugs may be used 
to relieve pain (for example, the opiates) or to treat 


specific neurological disorders such as the epilepsies. In 
addition, there are a large number of recreational psycho - 
active drugs such as alcohol, the cannabinoids, the hallu¬ 
cinogens, cocaine and nicotine that have no or limited 
therapeutic use because of their dependence liability. 
Caffeine, a mild psychostimulant, is considered to be 
such a recreational drug by some psychopharmacologists! 
The recreational psychoactive drugs are predominantly 
► drugs of abuse and their properties will not be further 
considered. Their basic properties are summarized in 
Table 6. 
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Classification of Psychoactive Drugs. Table 3. Classification of anxiolytics and hypnotics. 


Benzodiazepines 

Enhance GABA inhibition by activation of benzodiazepine receptor 

Chlordiazepoxide 


Traditional anxiolytics, with long half lives 

Diazepam 



Flunitrazepam 

Hypnotic, long ty 2 

Oxazepam 


Hypnotic, medium t V2 lives 

Temazepam 



Triazolam 

Hypnotic, short t V2 

Alprazolam 

Potent anxiolytic; Also antipanic 

Non benzoidiazepines with a benzodiazepine profile 

S-enantiomer of zopliclone 

Eszopiclone 

Hypnotic 

Activate benzodiazepine receptor 

Zopiclone 

Hypnotic 


Zolpidem 



Zaleplon 


5-HT1A partial agonist 

Buspirone 

Slow onset of action weak anxiolytic 

Novel anxiolytics 



Calcium channel modulators? 

Pregabalin 

Also used in pain control 


GABApentin 



Classification of Psychoactive Drugs. Table 4. Classification of drugs to treat bipolar disorder. 


Lithium salts 

Mood stabilizer; long term action, Multi-system effects; slows repolarization 

Anticovulsants, enhance GABA function 

Carbamazepine 


Oxcarbamazepine 


Sodium valproate 


Clonazepam 


Topiramate 


Lamotrigine 

Effective in bipolar 2 depression 

Gabapentin 


Atypical antipsychotic Olanzapine 



Overview of the main classes of psychotropic drugs 
and their therapeutic uses. 

The following account of the properties of psychoac¬ 
tive drugs and their main pharmacological properties is 
only intended as a brief overview. Readers are referred to 
standard texts for more complete account, (e.g., Iversen 
et al. 2009; Leonard 2003; Spiegel 2003). 

Antipsychotics 

These drugs are used for the symptomatic treatment of 
schizophrenia and psychotic disorders. 

Schizophrenia is characterized by the following 
symptoms: delusions, hallucinations (visual and aural), 


disorganized speech, grossly disorganized or catatonic be¬ 
havior. These symptoms are termed Positive symptoms. 
The Negative symptoms consist of affective flattening 
(referring to a reduction in the range and intensity of 
emotional expression), ► alogia (poverty of speech) 
and ► avolition (inability to initiate or persist in goal 
directed behavior). Patients with schizophrenia therefore 
fail to understand the external world and how to react 
appropriately to it and consequently lose touch with real¬ 
ity. This summary, and those relating to other major 
psychiatric disorders mentioned in this presentation, is 
based on the Statistical manual of mental disorders 
( 2000 ). 
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The antipsychotic drugs can be divided into the 
“Typical” and “Atypical” types, sometimes referred to as 
the first and second generation antipsychotics respectively. 

The typical antipsychotics are subdivided accor¬ 
ding to their chemical structures into the phenothiazines 
(such as chlorpromazine, fluphenazine, trifluperazine and 
thioridazine), the structurally related thioxanthines that 
have very similar pharmacological properties to the 
► phenothiazine analogs (chlorprothixene, clopenthixol, 
and flupenthixol), the ► butyrophenones (haloperidol, 
benperidol, trifluperidol and pimozide) and the benza- 
mides (sulpiride). 

The atypical antipsychotics consist of a series of chem¬ 
ically unrelated drugs that differ from the typical anti¬ 
psychotics by their reduced frequency of motor side 
effects. Thus whereas the use of the typical antipsychotics 
are often therapeutically limited because of their extrapy- 
ramidal side effects (Parkinsonism, akathisia, tardive 
dyskinesia etc.) due to their blockade of dopamine D2 
receptors in the basal ganglia,the atypicals are less likely to 
have such side effects at normal therapeutic doses. This 
group consists of the multi-receptor antagonists that 
are chemically similar (clozapine, olanzapine and quetia- 
pine), so called because they interact with multiple 
dopamine, serotonin, noradrenaline, acetylcholine and 
histamine receptors. The 5-HT 2 /D2 receptor antagonists 
form the bulk of the atypical antipsychotics that consist of 
risperidone and its metabolite paliperone, ziprazidone, 
sertindole and zotepine. Other drugs in the atypical series 
include amisulpride (a D2/D3 antagonist that is related to 
the first generation benzamide, sulpiride) and the “atypi¬ 
cal” antipsychotic aripiprazole. 

The typical and atypical antipsychotics differ mainly 
in terms of the severity of their side effects. All antipsy¬ 
chotics in current use are D2 receptor antagonists, a 
property that is thought to be an essential component 
for the attenuation of the positive symptoms of schizo¬ 
phrenia. However, the atypicals, with the exception of 
amisulpride, are also 5-HT 2 receptor antagonists and 
action that is thought to block the tonic inhibitory 
effect of serotonin on the dopaminergic system in the 
prefrontal cortex thereby facilitating the inhibition by cor¬ 
tical dopamine on the overactive mesolimbic dopaminergic 
system that is thought to be responsible for the positive 
symptoms of schizophrenia. The atypical antipsychotics 
therefore specifically target the mesocortical dopaminergic 
system without having a major inhibitory effect on the 
striatal dopaminergic system (unlike the typical antipsycho¬ 
tics that lack this selectivity), thereby having a reduced 
frequency of motor side effects. 

Because of their more acceptable side effects, com¬ 
bined with their efficacy in the treatment of positive, 


and secondary negative symptoms, the World Health Or¬ 
ganization has recommended that the atypical antipsy¬ 
chotics be used as the first line treatment of schizophrenia 
(Sartorius et al. 2002). 

Antidepressants 

The DSM IV classification of major depressive disorder 
lists chronically depressed mood, anhedonia (diminished 
feeling of pleasure) insomnia or hypersomnia, psychomo¬ 
tor agitation or retardation, fatigue, anorexia (weight 
loss), feelings of worthlessness and inappropriate guilt, 
recurrent thoughts of death, suicide thoughts and 
attempted suicide as the characteristic features of the 
patient with major depression. Five or more of these 
symptoms must be present during the same 2-week peri¬ 
od and must not be associated with drugs of abuse or 
other medications that can cause depression. 

For the past 50 years, depression has been treated (with 
reasonable success) with different types of antidepressant 
drugs or with ECT therapy. All of the antidepressants in 
current use enhance noradrenergic and/or serotonergic 
function apart from buproprion that has a mild dopami- 
metic action. Thus antidepressants are thought to improve 
noradrenergic and/ or serotonergic function that is dys¬ 
function in depression. 

As with the antipsychotics, the antidepressants, may be 
divided into the first (tricyclic antidepressants TCAs, nonse- 
lective monoamine oxidase inhibitors MAOIs) and second 
generation (reversible inhibitors of monoamine oxidase 
RIMAs, selective serotonin reuptake inhibitors SSRIs, sero¬ 
tonin and noradrenaline reuptake inhibitors SNRIs, 
noradrenaline and serotonin selective antidepressants 
NaSSAs and noradrenaline reuptake inhibitors NRIs) drugs. 

The main difference between the first- and second- 
generation antidepressants lies not in their therapeutic 
efficacy but in the safety in overdose and tolerability 
due to the reduction in the side effects of the second- 
generation drugs. 

In terms of their therapeutic action, the second- 
generation antidepressants can be divided into those that 
are presumed to selectively increase serotonin function (the 
SSRIs such as fluoxetine, fhivoxamine, citalopram, escitalo- 
pram, sertraline and paroxetine), those that selectively in¬ 
crease noradrenergic function (the NRI reboxetine), the 
dual action antidepressants that enhance both serotonergic 
and noradrenergic function (venlafaxine, duloxetine and 
milnacipran) and buproprion that has a dopaminomemetic 
action. It should be noted that some of the first-generation 
TCAs also show some selectivity for the serotonergic system 
(clomipramine) or the noradrenergic system (desipramine, 
nortriptyline and maprotiline). The TCAs, SSRIs, SNRIs, 
NRIs are assumed to act by inhibiting the noradrenaline 
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Classification of Psychoactive Drugs. Table 5. Classification of psychostimulants and antidementia drugs. 


Psychostimulants 

NA/DA releasers 

D-amphetamine 

Used in ADHA and narcolepsy 

Methylphenidate 

"" 

NA reuptake inhibitor 

Atemoxine 

"" 

?Central histamine releaser 

Modafinil 

Used in daytime sleepiness 

?Orexin modulator 



Anti-dementia drugs 

Acetylcholinesterase inhibitors 

Donepezil 

Used in mild-moderate dementia 

Rivastigmine 

"" 

Gallantamine 

"" 

NMDA glutamate receptor partial antagonist 

Memantine 

Used in moderate-severe dementia 


Classification of Psychoactive Drugs. Table 6. Classification of recreational drugs and drugs of abuse. 


Sedatives 

Enhance GABAergic function 

Ethyl alcohol 

Barbiturates 

Gamma hydroxybutyrate 

Opiates 

Enhance mu receptor function 

Heroin 

Used in severe pain relief 


Morphine 



Methadone 


Psychostimulants 

Enhance NA/DA release 

D-amphetamine 

Methamphetamine 

Cocaine 

Nicotine 

Enhances 5-HT release>NA/DA 

Methylenedioxymethamphetamine (MDMA) 

Cannabinoids 

Enhance CB1/CB2 receptors 

delta-9 tetrahydrocannabinol 

Tranquilizing action. Active component of hashish 

Hallucinogens 

Activate 5-HT2C receptors 

Lysergic acid diethylamide 

Dimethyltryptamine 

Mescaline 

Block NMDA glutamate receptors 

Phencyclidine 


and or serotonin transporters on the neuronal membrane 
thereby prolonging the duration of action of the neuro- 
transmitter in the synaptic cleft. 

The tetracyclic antidepressant mirtazepine, and its pre¬ 
cursor mianserin, enhance noradrenergic function by 
blocking the inhibitory presynaptic alpha-2 adrenoceptor 
on noradrenergic terminals. In addition, mirtazepine 
blocks post synaptic 5 -HT 2 a receptors and indirectly 
enhances 5-HT 1A receptor function. 


Of the first-generation antidepressants, the MAOIs 
(such as phenelzine, pargyline, and tranylcypromine) in¬ 
crease the catecholamine by blocking their intraneuronal 
metabolism. These drugs have fallen into disuse as the 
inhibition of MAO in the gastrointestinal tract can lead to 
a hypertensive crisis should amine rich foods (cheese, 
beer, wine etc.) be taken concurrently. This has led to 
the development of RIMAs (such as moclobemide) that, 
being reversible inhibitors of MAO, are displaced from 
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the gastrointestinal MAO should high amine containing 
foods be consumed. 

The use of the TCAs has been restricted in most indus¬ 
trialized countries due to their anticholinergic side effects 
and cardiotoxicity particularly in overdose. The exception 
is the TCA lofepramine that is less anticholinergic and 
cardiotoxic than the other members of this series. 

Anxiolytics 

Anxiety is an unpleasant state accompanied by apprehen¬ 
sion, worry, fear, nervousness and heightened arousal. 
These psychological changes are usually associated with 
an increase in autonomic sympathetic activity (such as 
increased blood pressure and heart rate and gastrointesti¬ 
nal distress. While physiological anxiety is usually of short 
duration, often with rapid onset and abrupt cessation 
once the aversive event has terminated, pathological anxi¬ 
ety occurs when the response to an anxiety provoking 
event becomes excessive, prolonged, and affects the ability 
of the person to lead a normal life. This condition is 
referred to as Generalized anxiety disorder (GAD). The 
anxiolytics are drugs of choice for the treatment of GAD. 

However, anxiety disorders comprise a number of con¬ 
ditions for which the conventional anxiolytics are of limited 
efficacy. Thus, panic disorder is effectively treated with SSRI 
antidepressants, as are the social phobias and obsessive com¬ 
pulsive disorder. This suggests that unlike GAD, in which the 
noradrenergic, serotonergic and GABAergic systems are 
thought to be dysfunctional, a malfunctioning serotonergic 
system plays a key role in the pathology of panic disorder, 
obsessive compulsive disorder and the phobic states. 

For several decades, the treatment of anxiety has been 
dominated by the benzodiazepines, drugs that are rapidly 
effective (unlike most of the other psychotropic drugs), 
safe in overdose. For this reason, they replaced the barbi¬ 
turates and meprobamate that had limited efficacy and 
were dependence producing. The benzodiazepines bid to 
a specific site on the multifunctional GABA a receptor 
(called the benzodiazepine binding site) and enhance the 
inhibitory action of GABA on the GABA a receptor. Short¬ 
ly after the discovery of the first benzodiazepine anxioly¬ 
tics ( ► chlordiazepoxide and ► diazepam) a wide range of 
benzodiazepines were developed for the treatment of anx¬ 
iety, epilepsy, and as hypnotics, central muscle relaxants 
for spasticity and as anaesthetics. It is well established that 
most of these properties are present in diazepam and 
chlordiazepoxide. Thus low therapeutic doses of these 
drugs are anxiolytic but as the dose is increased sedation 
followed by an anticonvulsant effect becomes prominent. 
Such doses are also commonly associated with GABA 
dependent muscle relaxation. Dependence can occur in 
some patients who take high therapeutic doses of the 


benzodiazepines for long periods. This condition has led 
to the development of a series of novel non-benzodiaze¬ 
pine anxiolytics/hypnotics, such as ► zolpidem and 
► zopiclone. However, these drugs also owe their thera¬ 
peutic actions to the activation of the benzodiazepine site 
on the GABA receptor! 

Buspirone, a partial 5-HT 1A receptor agonist that does 
not affect the GABA receptor was developed in the hope 
that, because of its unique action, it could replace the 
benzodiazepine type of drug. Despite its initial promise, 
buspirone has had a very limited clinical impact due to 
the delay in its onset of action, its minimal efficacy, and 
serotonin-linked side effects (nausea, headache). Neverthe¬ 
less, the discovery of ► buspirone stimulated the use of the 
SSRI antidepressants and venlafaxine in the treatment of 
GAD and other anxiety disorders and, despite their delayed 
onset of action, the SSRIs are often considered as the first 
choice for treatment. 

Mood Stabilizers 

Bipolar disorder is characterized by episodes of mania or 
hypomania that alternates with periods of depression. The 
manic symptoms are characterized by an expansive, elated 
or irritable mood, pressured speech, flight of ideas, easy 
distractibility and a preoccupation with socially unaccept¬ 
able, and potentially dangerous, activities. Such symptoms 
may persist for many days and may require hospitaliza¬ 
tion. The manic phase of bipolar disorder is usually 
followed by a euthymic phase or by depression. The 
depressive phase is often very severe leading to suicide in 
10-25% of bipolar patients. The DSM IV classification 
divides bipolar disorder into bipolar 1 disorder (a patient 
showing both mania and depression) and bipolar 2 (in 
which mania occurs in a less severe form, hypomania, that 
alternates with depression). In bipolar 2 disorder, the 
patient may show predominantly the manic or depressed 
state and only very occasionally switch to the opposite 
mental state. An uncommon type of bipolar disorder is 
the rapid cycling state in which the patient switches from 
one state to another in frequent succession. 

Of the drugs available to treat bipolar disorder, ► lith¬ 
ium is still one of the most widely used. Like most of the 
psychotropic drugs used in the treatment of the major 
psychiatric disorders, lithium usually takes several weeks 
to produce its optimal therapeutic effect. Lithium is used 
prophylactically and lengthens the euthymic period be¬ 
tween the phases of the illness. The pharmacology of 
lithium is very complex as its mode of action is based 
on the replacement of Na+ ions in the numerous trans¬ 
porters, ion channels and receptors throughout the body. 
This not only accounts for its therapeutic effects but also 
for its numerous side effects that often limit its clinical 
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use. This has resulted in lithium being replaced by more 
conventional drugs that are primarily used in other areas 
such as psychiatry and neurology. Of these, the antic¬ 
onvulsants (such as ► carbamazepine, oxcarbamazepine, 
sodium ► valproate, ► topiramate, ► gabapentin, and 
► lamotrigine) are the most widely used. The atypical 
antipsychotics clozapine and olanzapine have now been 
added to the list of effective antimanic agents. Conven¬ 
tional antidepressants such as the TCAs and SSRIs are 
limited efficacy in treated the depressed phase of bipolar 
disorder. This suggests that the etiology of depression in 
bipolar disorder differs from that of major depression. 

Nootropics and Antidementia Drugs 

Nootropic agents are defined as centrally acting drugs that 
improve higher integrative brain functions, such as memo¬ 
ry and cognitive impairment, in the early stages of Alzhei¬ 
mer’s disease and in dyslexia .These nonstimulant drugs 
that are available in some European countries include the 
central vasodilator co-ergocrine and the pyrrolidinone der¬ 
ivatives piracetam, amiracetam, aniracetam and levetirace- 
tam. Despite the many years of research into the possible 
mechanisms of action of nootropic agents, their actions are 
unclear and their clinical efficacy is doubtful. 

In contrast to the nootropic agents, the antidementia 
drugs have proven benefit when administered in the early 
stage of ► Alzheimer’s disease. These drugs fall into one of 
two categories, namely the anticholinesterases and the 
glutamate IV-methyl-D-aspartate (NMDA) receptor anta¬ 
gonists. The anticholinesterases ( ► donepezil, ► rivastig- 
mine, ► galantamine), increase central cholinergic 
function, a mechanism that is assumed to be responsible 
for the drug induced reduction in the cognitive decline in 
the early stage of Alzheimer’s disease. This view correlated 
with the pathological finding that there is severe damage 
to the nucleus basalis magnus-hippocampal cholinergic 
pathway in patients with Alzheimer’s disease. 

In contrast to the anticholinesterases, the partial NMDA 
receptor antagonist ► memantine is thought to protect 
central neurons from the neurodegenerative effect of ex¬ 
cess glutmate that is released in the brain of the Alzheimer 
patient. Memantine has been shown to be effective in 
moderate to severe cases of Alzheimer’s disease. 

Psychostimulants 

Psychomotor stimulants, such as D-amphetamine, meth- 
ylphenidate, and atomoxetine, are most widely used to 
treat ADHD but are also known to counteract fatigue in 
normal adults. However, the effects on vigilance, verbal 
learning and memory are relatively small even though 
they may be sufficient to permit the individual to contin¬ 
ue cognitively demanding tasks for long periods of time. 


The ► psychostimulants enhance both noradrenergic 
and dopaminergic function particularly in the frontal 
cortex and thereby improve working memory. Such effects 
differ from the actions of the psychostimulants on the 
subcortical reward system where it is thought that the 
enhancement of the dopaminergic system results in de¬ 
pendence. 

The most recent drug to be developed to improve 
cognitive function particularly in cases of fatigue is 

► modafinil. This drug has been shown to improve cog¬ 
nitive function, verbal working memory, visual recogni¬ 
tion and planning performance in those suffering from 
excessive daytime sleepiness often associated with narco¬ 
lepsy and sleep apnea. Despite its proven therapeutic 
effects, the mode of action of modafmil is uncertain. It 
is nonstimulant, does not affect catecholamine function, 
but there is a suggestion that it modulates the orexinergic 
system that regulates the sleep-wake cycle. 

Conclusion 

Because the relationship between the chemical structure 
of psychotropic drugs and their pharmacological and ther¬ 
apeutic effects remains an enigma, the drugs have been 
classified according to their therapeutic uses. It is widely 
recognized that psychotropic drugs treat the symptoms or 
syndromes of specific psychiatric disorders and do not 
appreciably change the underlying psychopathology. As 
many of the symptoms of the different psychiatric disor¬ 
ders overlap, it is not surprising that their uses also over¬ 
lap different disorders. Thus, anticonvulsants are not only 
used to treat the epilepsies but also bipolar disorder. The 
SSRI and SNRI antidepressants are widely used to treat a 
variety of anxiety disorders in addition to the affective 
disorders. Hopefully, with an ever increasing knowledge 
of psychogenetics and the underlying psychopathology of 
psychiatric disorders, a time will come when psychotropic 
drugs will target the underlying pathology and therefore 
revolutionize the psychiatric treatment. 

Cross-References 

► Acetylcholinesterase and Cognitive Enhancement 

► Anticonvulsants 

► Antidepressants 

► Anti-Parkinson Drugs 

► Antipsychotic Drugs 

► Anxiolytics 

► Atomoxetine 

► Barbiturates 

► Benzodiazepines 

► Bipolar Disorder 

► Caffeine 

► Cannabinoids 


c 




302 


Clearance 


► Cocaine 

► Cognitive Enhancers 

► Dementias: Animal Models 

► Depression: Animal Models 

► Generalized Anxiety Disorder 

► Hallucinogens 

► Hypnotics 

► Lithium 

► Methylenedioxymethamphetamine (MDMA) 

► Methylphenidate and Related Compounds 

► Modafinil 

► Mood Stabilizers 

► NARI Antidepressants 

► Nicotine 

► Nicotinic Agonists and Antagonists 

► Nootropics 

► Compulsive Disorders 

► Opioids 

► Psychostimulants 

► Schizophrenia 

► SNRI Antidepressants 

► SSRI 
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Clearance 

Synonyms 

CL; Excretion 

Definition 

Clearance is the fraction of a theoretical volume completely 
purified (i.e., no longer containing any of the drug 
concerned) per unit of time. Plasma clearance is the apparent 
volume of plasma purified per unit of time. Total clearance 
(CL t) is the fraction of the volume of distribution, V D , which 


is completely purified per unit of time. The total clearance 
depends on the constant of elimination and thus on tVi and 
on V D . Clearance is a constant in linear kinetics. 

Cross-References 

► Area Under the Curve 

► Bioavailability 

► Distribution Phase 

► Elimination Half-Life 

► Lirst-Order Elimination 

► Pharmacokinetics 


Clinical Antipsychotic Trials of 
Intervention Effectiveness Study 

Synonyms 

CATIE 

Definition 

The Clinical Antipsychotic Trials of Intervention Effec¬ 
tiveness (CATIE) study was the largest, longest, and most 
comprehensive independent, three-phase, clinical trial 
ever conducted to examine existing pharmacotherapies 
for schizophrenia. The trial was funded by NIMH and 
intended to be “pragmatic,” involving a representative 
sample of 1,493 schizophrenic patients from various 
real-life outpatient settings. The primary outcome mea¬ 
sure was time to all-cause drug discontinuation that cap¬ 
tured both efficacy and tolerability. Subjects in the CATIE 
trial were randomized in a double-blind fashion to treat¬ 
ment with olanzapine, quetiapine, risperidone, ziprasi- 
done, or the mid-potency first-generation antipsychotic 
perphenazine for up to 18 months of treatment. 

Cross-References 

► First-Generation Antipsychotics 

► Olanzapine 

► Quetiapine 

► Risperidone 

► Schizophrenia 

► Second and Third Generation Antipsychotics 

► Ziprasidone 


Clinical Depression 

► Major and Minor and Mixed Anxiety-Depressive 
Disorders 
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Clinical Global Impression Scales Clobazam 


Synonyms 

CGI 

Definition 

The clinical global impression (CGI) rating scales (Guy 
1976) are commonly used clinician-rated measures of 
global symptom severity and treatment response for 
patients with mental disorders. Many researchers, while 
recognizing the validity of the scales, consider them to be 
subjective as they require the clinician to compare the 
subjects under examination to typical patients from 
their clinical experience. 

The Clinical Global Impression - Severity scale 
(CGI-S) is a seven-point scale that requires the clinician 
to rate the severity of the patient’s illness at the time of 
assessment, relative to the clinician’s past experience with 
patients who have the same diagnosis. Considering total 
clinical experience, a patient is assessed on severity of 
mental illness at the time of rating. 

1 = Normal, not at all ill 

2 = Borderline mentally ill 

3 = Mildly ill 

4 = Moderately ill 

5 = Markedly ill 

6 = Severely ill 

7 = Extremely ill 

The Clinical Global Impression - Improvement 
scale (CGI-I) is a seven-point scale that requires the 
clinician to assess how much the patient’s illness has 
improved or worsened relative to a baseline state at the 
beginning of the intervention. 

1 - Very much improved 

2 = Much improved 

3 = Minimally improved 

4 = No change 

5 - Minimally worse 

6 - Much worse 

7 - Very much worse 


Definition 

Clobazam is a high-potency, medium-acting anxiolytic 
benzodiazepine medication used in the treatment of anx¬ 
iety, panic, and phobic disorders. It has some useful 
anticonvulsant effects. It is not antidepressant. It is some¬ 
times used in conjunction with antipsychotic medication 
in acute psychotic episodes. Unwanted effects include 
sedation, headaches, paradoxical excitement, confusion, 
cognitive and psychomotor impairment, and confusion in 
the elderly. Long-term use may induce dependence with 
withdrawal reactions. Recreational use and abuse can 
occur: alprazolam is a scheduled substance. 

Cross-References 

► Benzodiazepines 


Clocapramine 

Definition 

Clocapramine is a first-generation (typical) antipsychotic 
drug that belongs to the iminodibenzyl class approved in 
Japan for the treatment of schizophrenia. It shows higher 
affinity for 5-HT 2 a- than for D 2 -receptors, but has more 
potent dopamine antagonist activity than carpipramine 
that belongs to the same class. Clocapramine can induce 
extrapyramidal motor side effects and insomnia, but it 
displays generally low toxicity. 

Cross-References 

► Carpipramine 

► Extrapyramidal Motor Side Effects 

► First-Generation Antipsychotics 

► Schizophrenia 

1 Clock-Speed Effect 


C 
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Clinical Outcome 

► Efficacy 


Definition 

Clock-speed effect refers to the immediate effect of a drug 
to speed up or slow down the subjective experience. In the 
PI procedure, a clock effect is observed by an immediate 
horizontal shift in the response function in peak trials 
following drug administration that is proportional to 
the estimated duration. 

Cross-References 

► Circadian Rhythms 
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Clomethiazole 

Synonyms 

Chlormethiazole 

Definition 

Clomethiazole is a sedative medication with a medium 
duration of action used in the symptomatic treatment of 
anxiety and insomnia, and in the management of alcohol 
withdrawal. Unwanted effects include excessive sedation, 
headaches, paradoxical excitement, confusion, cognitive 
and psychomotor impairment, and confusion in the 
elderly. Interaction with alcohol can be hazardous. It 
depresses respiration and is highly toxic in overdose. 
Long-term use induces dependence with severe with¬ 
drawal reactions, including fits. Recreational use and 
abuse can occur: it is a scheduled substance. 

Cross-References 

► Alcohol Abuse and Dependence 

► Barbiturates 

► Insomnias 


Clomipramine 

Definition 

Clomipramine, the 3-chloro derivative of imipramine, is a 
tricyclic antidepressant with a tertiary amine chemical 
structure. It is a potent, but not selective, serotonin reup¬ 
take inhibitor; its primary active metabolite, desmethyl- 
clomipramine, inhibits reuptake of norepinephrine. 
Although originally introduced for the treatment of de¬ 
pression, clomipramine is now used more frequently for 
the treatment of obsessive-compulsive disorder. Even for 
this indication, it is usually employed only after nonre¬ 
sponse to a selective serotonin reuptake inhibitor (SSRI); 
while clomipramine may have slightly greater efficacy 
than the SSRIs, it also has a less-favorable side-effect 
profile. Side effects include marked sedation, cardiovas¬ 
cular effects, and anticholinergic effects (e.g., constipa¬ 
tion, dry mouth, blurred vision, urinary retention). 
Clomipramine is dose dependently associated with a 
higher risk of seizures than other tricyclics; like other 
tricyclics, it has a high potential for lethality in overdose. 

Cross-References 

► Antidepressants 

► Obsessive-Compulsive Disorder 

► Selective Serotonin Reuptake Inhibitors 

► Tricyclic Antidepressants 


Clonazepam 

Definition 

Clonazepam is a benzodiazepine that has anxiolytic, sed¬ 
ative, and anticonvulsant properties; it has been used in 
the clinic as an anticonvulsant. It is a short-acting com¬ 
pound (i.e., elimination half-life 3 h) and does not 
have active (i.e., benzodiazepine) metabolites. Like most 
similar compounds, clonazepam is subject to tolerance, 
dependence, and abuse. 

Cross-References 

► Anticonvulsants 

► Anxiolytics 

► Benzodiazepines 


Clorazepate 

► Benzodiazepines 


Clotiazepam 

Definition 

Clotiazepam is a benzodiazepine that has anxiolytic, sed¬ 
ative, and anticonvulsant properties. The clotiazepam 
molecule differs from most other benzodiazepines in 
that the benzene ring has been replaced by a thiophene 
ring. Relative to other benzodiazepines, clinical use of 
clotiazepam is relatively low. 

Cross-References 

► Anxiolytics 

► Benzodiazepines 


Cloxazolam 

Definition 

Cloxazolam is a benzodiazepine that has anxiolytic, seda¬ 
tive, and anticonvulsant properties. It is reported to have a 
long half-life (65 h) and its clinical use is low relative to 
other benzodiazepines. 

Cross-References 

► Anxiolytics 

► Benzodiazepines 
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Clozapine 

Definition 

Clozapine was the first of the second generation of anti¬ 
psychotic drugs. It has weak D 2 receptor antagonist 
activity and also blocks D : and D 4 receptors as well as 
oc-adrenoceptors, 5-HT 2 receptors and muscarinic acetyl¬ 
choline receptors. It is an effective anti-schizophrenia 
drug with little tendency to cause extrapyramidal motor 
disorders. Its main advantage is that it is effective in a 
substantial proportion of chronic schizophrenic patients 
who fail to respond to conventional antipsychotic medi¬ 
cation. Its main disadvantage is its tendency to cause 
agranulocytosis in about 1% of patients and weekly mon¬ 
itoring of the white blood-cell count is mandatory. It has 
therefore become a third line antipsychotic. 

Cross-References 

► Antipsychotics 

► Second generation antipsychotic 

► Schizophrenia 


CM 

► Contingency Management 

► Contingency Management in Drug Dependence 


Coca Paste 

► Cocaine 


Cocaine 

Michael J. Kuhar 

Division of Neuroscience, Yerkes National Primate 
Research Centre of Emory University, Atlanta, GA, USA 


coca ), which is traditionally found in South American 
countries such as Bolivia and Columbia. Its use by the 
native inhabitants was noted by the Spaniards who invad¬ 
ed South America, and the earliest descriptions of 
cocaine’s effects were given by them. There was continued 
interest in the plant and its active substances, and cocaine 
was isolated from the plant in 1855 by the German chem¬ 
ist Fredrich Gaedcke. Its structure was elucidated and its 
synthesis achieved in 1898 by Richard Willstatter. Cocaine 
is a member of the ► psychostimulant class of drugs. 

Pharmacological Properties 

Briefly, the physiological effects of cocaine administration 
include increased heart rate and blood pressure, increased 
arousal, and a sense of well-being. Euphoria can occur 
with higher doses, and agitation and paranoia may occur 
with repeated doses. Cocaine is also a local anesthetic, and 
it was this property that intrigued and attracted many 
early investigators. Toxicities include cardiovascular 
problems and seizures. Users of cocaine often have a 
co-occurring psychiatric diagnosis such as ► depression 
or ► anxiety. ► Tolerance occurs with repeated use. 

A serious result of chronic use of cocaine is addiction, 
and withdrawal from cocaine use in ► addicted indivi¬ 
duals can result in craving, fatigue, dysphoria, depression, 
and sleepiness. Medications for treating cocaine abusers 
are in clinical trials; but till date, none has been approved 
for this use. Treatments are mainly behavioral, with man¬ 
agement of various physiological symptoms as they occur. 

Cocaine has legitimate uses in current clinical medi¬ 
cine. It is used as a local anesthetic and as a powerful 
vasoconstrictor in the upper respiratory tract. It is 
swabbed onto the tissues in solutions whose concentra¬ 
tions vary from 1 to 10%. As shown in the chemical struc¬ 
ture for cocaine (Fig. 1), there are two ester groups, which 
are susceptible to metabolism. Benzoylecgonine is pro¬ 
duced by loss of the methyl group and is the major 
urinary metabolite of the drug. It is interesting and im¬ 
portant that the ► half-life of benzoylecgonine is a few 
days (rather than approximately an hour for cocaine), and 
is therefore a more reliable indicator of recent cocaine use, 
and is, in fact, the target for urine test for cocaine use. 


c 


Synonyms 

Coca paste; Cocaine hydrochloride; Crack; Methyl 
(lR,2R,3S,5S)-3-(benzoyloxy)-8-methyl-8-azabicyclo [3.2.1 ] 
octane-2-carboxylate 

Definition 

Cocaine is a naturally occurring substance that is 
extracted from the leaves of the coca plant (Erythroxylon 


The Mechanism of Action of Cocaine in the Brain 

The articles on ► neurotransmitters and ► transporters 
reveal that amine neurotransmitters ( ► dopamine, ► se¬ 
rotonin, and ► norepinephrine) are removed from the 
synapse by ► transport or reuptake into the synaptic 
terminal that released them (see Fig. 2). As noted in 
those articles, this uptake mechanism (the ► neurotrans¬ 
mitter transporter) is very important for turning off the 
signal created by the neurotransmitters interacting with 
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Cocaine 



Cocaine. Fig. 1. Chemical structures of cocaine and related compounds. WIN 35,428, RTI-55, and RTI-336 are very similar to 
cocaine, but have somewhat different pharmacological properties. While cocaine is equipotent in inhibiting the uptake of 
norepinephrine, dopamine, and serotonin, WIN 35,428 and RTI 55 are more selective for the serotonin and DATs; and RTI-336 is 
more selective for DAT alone. Both WIN 35,428 and RTI-55, in their radiolabeled forms, are important tools for studying and 
imaging the DAT. RTI-336 is currently being tested as a medication for cocaine abusers. Benzoylecgonine, which lacks the methyl 
ester found in cocaine, is a longer half-life metabolite of cocaine and is the target of urine tests for cocaine ingestion. The figure 
was supplied by Dr Ivy Carroll with permission. 



studies indicate that inhibition of DAT, rather than the norepinephrine or serotonin transporters, is responsible for the 
reinforcing (addicting) properties of cocaine. Thus, DAT is the initial molecular site of action of cocaine in regard to its addicting 
properties. (Reproduced from Kuhar et al. 1991.) 


their receptors. Being able to turn off the signal is just as 
important as being able to turn it on; otherwise, there is no 
discrete signal, just a constant background. These transpor¬ 
ters are the initial molecular sites of action of cocaine. The 
rewarding properties of the drug are due to cocaine’s block¬ 
ade of the ► dopamine transporter (DAT) (Kuhar et al. 
1991), and not the serotonin or norepinephrine transporters. 

The blockade of the transporters by cocaine results in 
a buildup of the neurotransmitter in the synaptic cleft and 


an increased signaling of the neurotransmitter at its recep¬ 
tors. This increased signaling is how cocaine imparts its 
actions. The brain has evolved hand in hand with neuro- 
transmitters and has developed mechanisms to handle 
them. For example, dopamine is discretely released by 
action potentials at nerve terminals onto receptors, and 
then removed from receptors by reuptake. This occurs at a 
rapid time scale and, in a sense, in an orderly fashion. 
However, the brain is not equipped to “handle” cocaine in 
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Cocaine. Fig. 3. Long-lasting changes in PET scans of dopamine receptors in cocaine-abstinent individuals. In each row, 
there are four “slices" of brain at different levels that show D 2 dopamine receptors in color-coded densities. The receptors 
are grouped together in the basal ganglia, which receives a very dense dopaminergic input. After 1 month of abstinence (middle 
figures), and after 4 months of abstinence (bottom figures), the receptors are increasing but are still not back to normal levels. 
Thus, changes in the brain are long-lasting, and likely have important implications for the duration of treatment. This figure 
shows changes only in D 2 receptors, but there are many additional documented changes of various types, and the challenge is to 
identify which of these changes are the most important. The changes in the levels of dopamine receptors imply a dysregulation 
of the reward/reinforcement system in chronic cocaine users. (Reproduced from Volkow et al. 1993.) 


that there is no mechanism to control either its access to 
transporters or its removal from transporters. Thus cocaine’s 
effects on signaling are controlled by external factors (dose, 
frequency of administration) and are not “normal or 
expected” by the brain. This must be one of the fundamental 
reasons why the effects of cocaine are so different and 
striking, and so powerful. 

As noted above, cocaine also potentiates neurotransmis¬ 
sion by serotonin and norepinephrine. Although inhibition 
of uptake of norepinephrine and serotonin are not mainly 
responsible for the rewarding properties of the drug, these 
actions do have effects. For example, inhibition of norepi¬ 
nephrine uptake contributes to the cardiovascular effects of 
cocaine. Inhibition of serotonin uptake has complicated 
effects; and serotonin, at some receptors, inhibits the reward¬ 
ing effects of cocaine and dopamine. In any case, we are 
mainly concerned with the ► rewarding/reinforcing/ 


addicting properties of cocaine which occurs by its action 
at the DAT. 

Involvement of Specific Brain Regions 

Cocaine can alter the metabolic activity (which reflects 
neuronal activity) of many brain regions (Everitt and 
Robbins 2005; Schmidt et al. 2005). When cocaine is 
taken the first few times, the ► nucleus accumbens and 
parts of the ► prefrontal cortex exhibit metabolic changes. 
But as more cocaine is taken repeatedly over a long time, 
more regions in the brain are affected as well (Porrino 
et al. 2007). These include the striatum, ► amygdala, 
► hippocampus, and cortical areas. The progression 
from casual drug use to ► dependence is accompanied 
by and likely due to this enlargement of the pattern of 
activity in the brain. These changes in activity are accom¬ 
panied by changes in proteins, and some of them are 
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Cocaine. Fig. 4. Antibodies can bind drugs before they enter the brain. The right side of the figure shows a brain capillary 
and brain drug receptors in close proximity. If the drug (shown by a small filled circle) cannot get out of the circulation because 
it is bound to an antibody ("Y" shaped structure), then the drug cannot have any effect in the brain. On the left side of the 
figure, injection of antibodies or antigens is shown schematically in a box. With permission of M Owens. 


related to dopaminergic neurotransmission. This shift in 
activity and changes in protein levels likely have implica¬ 
tions for treatment. Preventing or blunting the shifts, 
perhaps by using medications or behavioral treatments 
or both, could reduce or prevent dependence. 

A striking finding is that the changes in brain found in 
cocaine addicts are long-lasting! It takes many months, 
perhaps more than a year, for the drug-related changes to 
revert to normality (Fig. 3). The persistence of these 
changes in brain over many months likely underlies one 
of the most striking features of addiction - that it is 
chronic and relapsing. The drive to take drugs persists 
over many months, and attempts to stop seeking and 
taking drugs often meet with failure because the duration 
and power of the brain changes are sometimes under¬ 
estimated. This has very important implications for treat¬ 
ment. It seems reasonable to consider that treatments in 
some form should persist as long as the brain changes 
persist. This means that treatment in many cases will be a 
long-term process. 

Attempts to Develop Medications for Cocaine 
Abusers: Small Molecules 

A significant effort has been made toward developing 
medications for cocaine addicts (Vocci and Elkashef 
2005). As of this writing (February 2009), no compound 


has been approved specifically for this purpose, although 
some existing compounds seem useful in this regard. 
There are different kinds of medications. When we talk 
of small molecule medications, we can divide them in 
roughly two classes - substitutes and blockers. “Substi¬ 
tute” medications tend to be similar to the drug itself but 
may also have some different or additional properties that 
make the medication especially helpful. Blockers simply 
block the action of the drug but cannot produce its effects. 

Substitution therapy has worked reasonably well for 
opiate abuse (e.g., ► methadone) or ► nicotine abuse 
(nicotine patch). Hence, a major direction for medica¬ 
tions for cocaine use is the development of substitutions. 
Because DAT is the target of cocaine as described above, 
many possible substitution medications also target this 
transporter. While no substitute has yet been approved, 
there are several possible compounds under consider¬ 
ation. One is RTI-336 (Fig. 1), which is more selective 
for DAT than cocaine. In other words, it has much less of 
an effect on serotonin and norepinephrine uptake than it 
does on dopamine uptake. It also likely enters the brain 
more slowly than cocaine and has a longer half-life than 
cocaine. If it passes clinical trials, it will be a new medica¬ 
tion for cocaine abuse. 

Other dopamine-related compounds under consider¬ 
ation include dopamine D 3 receptor partial agonists, and 
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► disulfuram, an inhibitor of dopamine beta hydroxylase. 
Aside from DAT inhibitors, which are basically cocaine- 
substitution medications, there are other neurotrans¬ 
mitter-targeted compounds that are very promising. 
Compounds that enhance ► GABAs actions, such as 

► tiagabine, ► toperimate, and baclofen, have been tested 
and are being pursued. Compounds that have multiple 
actions such as dual dopamine and serotonin releasers 
are being studied as well. A stimulant, ► modafinil, may 
also be promising. 

Antibodies as Therapeutic Agents 

Antibody therapy for cocaine abusers is an interesting 
approach. Antibodies (already formed) against cocaine 
could be injected (passive immunization) to bind to co¬ 
caine and prevent it from entering the brain. Alternatively, 
specially prepared large molecules with many cocaine 
molecules attached to it could be used as a vaccine (active 
immunization). In the latter case, antibodies usually take 
some weeks to reach useful levels in the serum. In both 
cases, cocaine is bound by antibodies in the serum so that 
it cannot enter the brain (Fig. 4). An advantage of that 
approach is that we need not block the action of neuro- 
transmitters such as dopamine in the brain. Many physi¬ 
ological functions depend on dopamine, and blocking 
dopamine as a drug abuse therapy would affect all of 
those physiological functions, and therefore have many 
side effects. But preventing cocaine from entering the 
brain with an antibody avoids those problems. This ap¬ 
proach has been proven in animal studies where the 
behavioral effects of cocaine are reduced by the injection 
of antibodies (Orson et al. 2008). 

The utilization of catalytic antibodies is possible in pas¬ 
sive immunization procedures. Catalytic antibodies are those 
that can metabolize and break down cocaine rather than 
simply bind the cocaine molecule. This is obviously desirable 
and some progress has been made in this area as well. 

This is an experimental approach and no vaccine or 
antibody preparation has been approved for use in 
humans yet. However, progress in clinical trials is being 
made by several companies. But there are still some issues 
that need to be addressed (Orson et al. 2008). A major 
issue is being able to induce higher more effective levels of 
antibodies more reliably. 

Cross-References 

► Addictive Disorder: Animal Models 

► Cocaine Dependence 

► Psychomotor Stimulants 

► Psychostimulant Addiction 

► Vaccines 
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Cocaine Dependence 

Joachim D. Uys, Peter W. Kalivas 

Department of Neurosciences, Medical University of 
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Synonyms 

Cocaine abuse; Cocaine addiction; Cocaine hydrochloride 
abuse; Cocaine hydrochloride addiction 

Definition 

Cocaine dependence can be characterized as an increas¬ 
ingly difficult urge to resist cocaine whenever it is 
available. When problematic use is accompanied by toler¬ 
ance, ► withdrawal, and an increase in the compulsion, 
or near-compulsion, to seek out and use cocaine, a 
diagnosis of cocaine dependence should be considered. 


c 







310 


Cocaine Dependence 


This is in contrast to cocaine abuse, where adminis¬ 
tration is less intense and frequent (American Psychiatric 
Association 2000). 

Pharmacological Properties 

According to the 2007 results from the National Survey on 
Drug Use and Health, 1.6 million Americans abused or 
were dependent on cocaine during the previous year, 
underscoring the need for treatment of cocaine depen¬ 
dence. The hallmark of cocaine dependence, and perhaps 
its most problematic aspect, is the propensity to 
► relapse. Cocaine dependent individuals undergo treat¬ 
ment and abstinence from drug use and yet still face 
considerable desire to consume the drug (craving) and 
there are high rates of return to drug use (relapse). Clearly, 
the brains of such individuals have been altered by 
the repeated drug use such that the individuals have 
diminished control over their behavior. In addition, 
drug-seeking will take priority over the pursuit of natural 
rewards, i.e., reduced drive to obtain natural rewards. The 
transition from cocaine use to cocaine dependence takes 
place in different stages. The initial stage is characterized 
by repetitive, social use of the drug and changes in neural 
chemistry are largely due to the pharmacological action 
of the drug itself (Fig. 1). The second stage is defined by 
persistent changes in the brain circuits that regulate cog¬ 
nitive and emotional responses to environmental stimuli. 


Transition to addiction 


Social use N Transient neuroplasticity 


Regulated relapse 




Compulsive relapse J 


Stable neuroplasticity 


Cocaine Dependence. Fig. 1. The transition from cocaine 
use to cocaine dependence and the relationship with 
neuroplasticity. Social use can lead to regulated relapse, 
which can progress into compulsive relapse. This is typified 
by stable cocaine-induced neuroplasticity and the individual 
has “learned" to become addicted. 


This is accompanied by regulated relapse where the 
individual consciously decides to relapse. It is therefore 
a declarative decision-making process to engage in 
cocaine-taking behavior. Eventually, regulated relapse 
can progress into compulsive relapse which is a proce¬ 
dural decision-making process and the individual relapses 
with relatively less consideration of environmental 
contingencies. Compulsive relapse can be triggered by 
environmental cues or stressors that were previously 
associated with drug use (Kalivas and O’Brien 2008). At 
this stage the cocaine-dependent brain exhibits stable 
cocaine-induced ► neuroplasticity and the individual 
has “learned” to become addicted. Accordingly, over the 
past two decades, a shift has occurred, in which drug 
addiction is now viewed as a disorder of learning and 
memory and motivation (Hyman 2005). 

Cocaine can be insufflated (intranasal), inhaled 
(smoked, “freebased,” “crack”), or injected. Smoked (free- 
base, crack) cocaine is derived from cocaine hydrochloride 
(HC1) using ammonia or sodium bicarbonate. This con¬ 
verts cocaine HC1 into freebase cocaine, since most of the 
HC1 form is destroyed by heat. Users report a greater 
“high” for smoked cocaine versus intranasal cocaine and 
a faster subjective “peak” versus intravenous and intrana¬ 
sal cocaine. Both the “high” and “feel of drug” peak faster 
for smoked (1-2 min) compared to intravenous (3-4 min) 
and intranasal cocaine (10-15 min). By contrast, intrave¬ 
nous cocaine provides the highest blood levels, but it has 
been suggested that smoked cocaine reaches sooner in the 
brain. The user initially experiences a euphoric state which 
is soon followed by cocaine-induced dysphoria. This dys¬ 
phoric feeling contributes to the repeated use of cocaine, 
since the user wants to re-experience the initial euphoric 
rewarding state. Even though cocaine withdrawal lacks 
overt physical manifestations compared to some other 
drugs of abuse, the user is subjected to severe psychological 
withdrawal symptoms. Cocaine dependence often shares 
comorbidity with other psychiatric disorders (Vocci and 
Ling 2005). The self-medication hypothesis has been pro¬ 
posed as a possible explanation for cocaine dependence 
and depression comorbidity, but it does not explain the 
majority of cocaine dependence. 

Different routes of administration are associated with 
specific side effects. For instance, intranasal cocaine 
administration could lead to septal necrosis and palatal 
perforation. Smoking freebase cocaine volatizes the 
drug and exposes the lungs directly to the smoked 
mixture, thereby increasing the risk of adverse pulmonary 
effects and complications. These include interstitial pneu¬ 
monitis, fibrosis, pulmonary hypertension, alveolar hem¬ 
orrhage, asthma exacerbation, barotrauma, thermal 
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airway injury, hilar lymphadenopathies, and bullous em¬ 
physema either directly due to the drug itself or associated 
cutting substances such as talc, silica, and lactose. Intra¬ 
venous cocaine administration could lead to HIV, hepati¬ 
tis, and systemic infections such as abscesses and 
bacteremia due to needle sharing and lack of sterile injec¬ 
tion techniques. 

After acute administration, there is an increase in 
dopaminergic neurotransmission in the mesolimbic 
► dopamine pathway of the ventral tegmental area 
(VTA) and the ► nucleus accumbens (NAc), which is 
followed by the release of dopamine in the NAc, a re¬ 
ward-related brain structure. In addition, cocaine also 
inhibits the ► dopamine transporter (DAT), by blocking 
reuptake and thereby increasing extracellular dopamine. 
The VTA-NAc pathway also mediates the effects of natu¬ 
ral rewards such as food and sex. Chronic cocaine use 
leads to an impaired dopamine system and the baseline 
levels of dopamine are reduced. Over time, repeated co¬ 
caine administration will lead to a sensitized dopaminer¬ 
gic response to the drug or to drug-associated cues from 
the VTA-NAc, while natural rewards will become less 
effective in increasing dopaminergic transmission (Koob 
and Le Moal 2008). In addition, the amplitude and dura¬ 
tion of the dopamine release is greater after cocaine ad¬ 
ministration compared to natural rewards (Fig. 2). 
Furthermore, there is an increase in dopaminergic neuro¬ 
transmission from the VTA to the ► prefrontal cortex 
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Cocaine Dependence. Fig. 2. Hypothetical histogram 
illustrating the changes in dopamine release to biological 
and cocaine reward. Repeated cocaine administration will 
lead to a sensitized dopaminergic response to the drug or to 
drug-associated cues, while natural rewards will become 
less effective in increasing dopaminergic transmission. 
Furthermore, the amplitude and duration of the dopamine 
release is greater after cocaine administration compared to 
natural rewards. 


(PFC) and basolateral ► amygdala (BLA). At a molecular 
level, D : and D 2 receptors exert opposite effects: D 2 
receptors respond to numerous environmental stimuli 
while Di receptors only respond to the strongest stimuli. 
Chronic cocaine administration promotes a shift toward a 
Di-like state. This is accomplished in part through an 
induction of AGS3 (activator of G protein signaling-3), 
a protein which is a negative regulator of Gi and therefore 
of D 2 signaling. 

In addition to having effects on the dopaminergic 
system, chronic cocaine use also causes reduced basal 
activity in the glutamatergic pathway from several areas of 
the PFC to the NAc. These areas include the anterior cingu¬ 
late and orbitofrontal cortices and contribute to executive 
functions, such as working memory, attention, and beha¬ 
vioral inhibition. The PFC-NAc pathway also mediates the 
impulsivity and compulsivity to engage in drug taking. 
Cortical neurons show a decrease in basal glutamatergic 
neurotransmission, while being hypersensitive to cocaine 
and cocaine-associated cues. The increase in glutamatergic 
neurotransmission from the PFC to the NAc corresponds to 
the increase in dopaminergic neurotransmission from the 
VTA to the PFC, BLA, and NAc. Human neuroimaging data 
have confirmed that there is a general reduction in cortical 
cellular metabolism and blood flow (Goldstein and Volkow 
2002). Given the importance of the anterior cingulate 
cortex in regulating biologically motivated behaviors, 
and activation of the ventral orbital cortex, this hypofron- 
tality has been characterized as a strong indicator of the 
reduced ability of addicts to regulate drug-seeking. Pre¬ 
sentation of a cue previously associated with cocaine use 
activates the PFC, including the anterior cingulate and 
ventral orbital cortices. This activity is positively corre¬ 
lated with the intensity of the cue-induced desire for the 
drug and is larger than the activation of the PFC in control 
subjects after presentation of natural reward-related cues. 
By contrast, presentation of the same natural reward- 
related cues to cocaine addicts results in reduced PFC 
activity compared to controls. This is in accordance with 
the dogma that addicts show an impaired response to 
natural rewards. 

On a cellular level, dysregulation of glutamatergic 
neurotransmission due to downregulation of the cystine- 
glutamate exchanger (system xc-) and presynaptic 
► metabotropic glutamate receptors (mGluR’s) has been 
established in preclinical models of cocaine dependence. 
Cells use cystine to synthesize the intracellular antioxidant 
glutathione by exchanging the uptake of one cystine for 
the release of one molecule of intracellular ► glutamate 
into the extracellular space. The nonsynaptic glutamate in 
the extracellular space stimulates inhibitory presynaptic 
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mGluR’s and decreases synaptic glutamate release. There¬ 
fore, downregulation of xc- will lead to less extrasynaptic 
glutamate, a reduction in inhibitory tone and ultimately 
in enhanced synaptic glutamate release probability upon 
cocaine administration (Fig. 3). These presynaptic effects 
lead to long-term postsynaptic adaptations. Changes in 
dendritic spine density and morphology have been well 
established, which could be a result of an underlying 
increase in actin cycling. A reduction in Lim kinase 
which regulates F-actin depolymerization and spine mat¬ 
uration may contribute to the cocaine-induced increase in 
actin cycling. In addition, there is a decrease in Homer lb/c 
and 2a/b scaffold proteins in the NA, which colocalizes 
with F-actin/Shank/PSD-95/GKAP/NMDA complexes. 
Additional postsynaptic effects include the membrane 
insertion of AMPA glutamate receptors and an inability 
to induce long-term depression (LTD). Controversy 
remains, since the inability to induce LTD is normally 
associated with a decrease in AMPA receptors. 

As mentioned earlier the emerging view that cocaine 
dependence is a learning and memory disorder could 
lead to pharmacotherapy development related to 


reverting compulsive relapse to regulated relapse. These 
include normalizing glutamatergic neurotransmission 
either by altering glutamate levels in the PFC or gluta¬ 
mate receptor activity in the striatum. For example, 
► N-acetylcysteine which is a cysteine pro-drug used in 
treating acetaminophen overdose, has been examined for 
its potential in affecting relapse, as it appears to increase 
cystine-glutamate exchange activity and thereby restore 
inhibitory tone on presynaptic metabotropic glutamate 
receptors. In fact, recent clinical trials have supported a 
role for N -acetylcysteine in the treatment of drug addic¬ 
tion. In 23 treatment-seeking cocaine-dependent patients, 
doses of 1,200, 2,400, or 3,600 mg/day were well tolerated. 
The majority of subjects either stopped using cocaine or 
significantly reduced their use of cocaine during treat¬ 
ment. Furthermore, in a crossover, double-blind, place- 
bo-controlled inpatient trial, 15 cocaine-dependent 
participants received four doses of 600 mg N- 
acetylcysteine or placebo. After the final dose, participants 
completed a cue-reactivity procedure that involved pre¬ 
sentations of four categories of slides (cocaine, neutral, 
pleasant, and unpleasant). Each participant rated how 
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Cocaine Dependence. Fig. 3. Molecular changes associated with glutamate synapses after chronic cocaine use. In a drug-naive 
state, extrasynaptic glutamate provides inhibitory tone via the mGluR's on the presynaptic inputs from the PFC, thus 
preventing an increase in glutamate levels when cocaine is administered. Chronic cocaine use leads to the downregulation 
of system xc- and therefore less extrasynaptic glutamate. This decrease in glutamate results in a reduction in inhibitory tone 
(from the presynaptic mGluR's) and ultimately in enhanced synaptic glutamate release probability upon cocaine administration. 
In addition, there is a reduction in Lim kinase, Homer 1 b/c and 2a/b scaffold proteins in the NA, which colocalizes with 
F-actin/Shank/PSD-95/GKAP/NMDA complexes and AMPA receptors are inserted into the membrane. 
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much craving, desire to use cocaine, and interest was 
evoked by each slide on a 21-point Likert scale. 
N- acetylcysteine significantly reduced the desire to use 
cocaine, interest in cocaine, and cue viewing time in 
these patients. Other potential new treatment strategies 
based on regulating glutamate transmission include the 
modulation of mGluR’s. These include the mGluR2/3 
agonist LY379268 ((—)-2-oxa-4-aminobicyclo[3.1.0]hex¬ 
ane-4,6-dicarboxylic acid), which is effective in inhibiting 
cocaine seeking in preclinical animal models and could 
decrease stress-induced relapse due to its anxiolytic effects. 
Similarly, the mGluRl/5 antagonists, 2-methyl-6-(pheny- 
lethynyl) pyridine (MPEP) and its analog 3-[(2-methyl-4- 
thiazolyl)ethynyl] pyridine (MTEP) have shown to be 
effective in preclinical models of cocaine addiction. 

Cross-References 

► Cocaine 

► Contingency Management in Drug Dependence 

► Excitatory Amino Acids and Their Antagonists 

► Psychomotor Stimulant Abuse 

► Reinstatement of Drug Self-Administration 

► Self-Administration of Drugs 

► Sensitization to Drugs 

► Withdrawal Syndromes 


Cocaine Hydrochloride Addiction 

► Cocaine Dependence 


c 


Codeine 

Synonyms 

Methylmorphine 

Definition 

Codeine is an opiate used for its analgesic, antitussive, and 
antidiarrheal properties. It is an alkaloid, derived from 
opium, an O-methylated derivative of morphine that is 
not directly active on the p-opioid receptors. It is a pro¬ 
drug that is metabolized to morphine and codeine-6- 
glucuronide when taken orally. Like most ► opioids, it is 
a drug of abuse and its continued use induces ► physical 
dependence and addiction. It is found in some cough 
syrups that are subject to abuse. 

Cross-References 

► Morphine 
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Coffee Nerves 

► Caffeinism 


Cognition 

Definition 

The mental ability to process information involving 
memory, learning, and attention. 


Cocaine Hydrochloride 

► Cocaine 


Cocaine Hydrochloride Abuse 

► Cocaine Dependence 


Cognitive Behavioral Therapy 

Synonyms 

CBT; ERP; Exposure and response prevention 

Definition 

A therapeutic technique designed for the treatment 
of anxiety disorders, especially obsessive-compulsive dis¬ 
order. The therapeutic effect is achieved when the patient 
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Cognitive Control 


is able to confront his/her fear (e.g., the anxiety caused by 
the obsession) without performing the escape response 
(e.g., the compulsion). Therapists traditionally used well- 
thought out exposure situations in controlled environ¬ 
ment to provoke the obsessions and engage in a contract 
with the patient not to perform the anxiety- 
relieving compulsion. The initial anxiety of the obsession 
typically attenuates with success exposures if the compul¬ 
sion is not performed. 


Cognitive Control 

► Executive Functions 


Cognitive Deficit 

► Cognitive Impairment 


Cognitive Enhancers: Neuroscience and 
Society 
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department of Psychiatry, University of Cambridge 
School of Clinical Medicine, Cambridge, UK 
2 MRC/Wellcome Trust, Behavioural and Clinical 
Neuroscience Institute, University of Cambridge, 
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3 Oxford Uehiro Centre for Practical Ethics, Oxford, UK 

Synonyms 

Smart drugs 

Definition 

Pharmacological substances that induce improvement 
of various facets of cognition, such as attention and 
memory, are known as pharmacological cognitive enhan¬ 
cers (PCEs). Many pharmacological interventions are aimed 
at improving cognition in specific neuropsychiatric disorders 
where cognitive impairment is a prominent symptom, such 
as attention-deficit hyperactivity disorder (►ADHD), 

► schizophrenia, mild cognitive impairment (MCI), and 

► Alzheimer’s disease (AD). Enhanced cognition would, 
in turn, lead to improved functional outcome and quality 
of life. Pharmacological enhancement of cognition is 


increasingly being considered in both the young and old 
healthy populations and seems set to become even more 
popular, extending from dietary supplements and caffeine 
to drugs specifically targeted at improving cognition. 

Current Concepts and State of Knowledge 

Cognitive enhancing drugs, also known as smart drugs, 
are needed to treat cognitive disabilities and improve 
the functional outcome, wellbeing, and quality of life for 
patients with neuropsychiatric disorders and brain injury 
(Sahakian and Morein-Zamir 2007). Cognitive enhancing 
drugs are used in treating cognitive impairment in disorders 
such as AD, schizophrenia, and ADHD. In neurodegenera- 
tive diseases, such as AD, cognitive enhancing drugs are 
used to slow down or compensate for the decline in cogni¬ 
tive and behavioral functioning that characterizes such dis¬ 
orders. There are currently 700,000 people with dementia in 
the United Kingdom, most of whom have AD. Each year, 
39,400 new cases are diagnosed in England and Wales, 
translating to a new case every 14 min. Current costs of 
long-term care for dementia in the United Kingdom are 
estimated at £4.6 billion, and with an increasing aging 
population, this estimate is expected to rise to £10.9 billion 
by the year 2031. Likewise, the number of people placed in 
institutions is expected to rise from 224,000 in 1998 to 
365,000 in 2031. Cognitive enhancing drugs are important 
in this context as it has been suggested that a treatment that 
would reduce severe cognitive impairment in older people 
by just 1% a year, would cancel out all estimated increases in 
the long-term-care costs due to the aging population in the 
United Kingdom. 

Cognitive enhancers may be beneficial not only in neu- 
rodegenerative disorders but also in neuropsychiatric dis¬ 
orders for which they are not yet routinely prescribed. For 
instance, though it is common knowledge that people with 
schizophrenia typically suffer from hallucinations and delu¬ 
sions, it is the long-term cognitive impairments that often 
impede everyday function and quality of life for many 
patients. Twenty-four million people world wide suffer 
from schizophrenia. In the United States, direct and indirect 
costs were estimated at over $60 billion in the year 2000. It 
has been suggested that even small improvements in cogni¬ 
tive functions could help patients make the transition to 
independent living. 

It is noteworthy that not only adults suffering from 
neuropsychiatric disorders can benefit from cognitive 
enhancing drugs. ADHD affects 3-7% of all children 
worldwide, and is the most prevalent neuropsychiatric 
disorder of childhood. ADHD is a highly heritable and 
disabling condition characterized by core cognitive and 
behavioral symptoms of impulsivity, hyperactivity, and/or 
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inattention. It has important implications for education 
provision, long-term social outcomes, and economic im¬ 
pact. For example, long-term studies indicate that it is 
associated with poorer long-term outcomes, including 
increased educational dropout, job dismissal, criminal 
activities, substance abuse, other mental illness, and 
increased accident rates. The annual excess cost of 
ADHD in the United States in 2000 was estimated to be 
$42.5 billion. 

Importantly, in addition to pharmacological cognitive 
enhancers (PCEs), there are many other methods of en¬ 
hancement such as education, physical exercise, and neu- 
rocognitive activation or cognitive training that are 
commonly being used (Beddington et al. 2008). However, 
with the popularization of the notion of cognitive enhance¬ 
ment, pharmacological interventions are being seen as a 
means not only to improve existing deficits, but also to 
prevent decline before its onset, and even to enhance nor¬ 
mal functioning. 

The effects of pharmacological substances on cognition 
are complex, as cognition is a multifaceted, construct- 
encompassing attention, executive function, and spatial 
and verbal learning and memory. Most cognitive enhancing 
drugs improve only specific aspects of cognition such as 
forms of executive functions or memory, which are 
mediated by different systems in the brain. The sizes of 
the effects to date range from small to moderate, but as 
pointed out by a recent report by the U.K. Academy of 
Medical Sciences, even small percentage increments in 
performance can lead to significant improvements. While 
the extension of enhancement from the controlled labora¬ 
tory environment to daily life is controversial, several fac¬ 
tors are contributing to the advent of increasingly effective 
approaches. These include the development of sophisti¬ 
cated neuropsychological tests and the routine inclusion 
of multiple, converging behavioral and brain-imaging mea¬ 
sures. With the development of human pharmacogenetics, 
uncovering human genetic ► polymorphisms relating to 
cognition, cognitive enhancers may be matched to those 
that might benefit from them the most while reducing 
side effects. For example, the catecholamine-O-methyl- 
trasferase (COMT) gene has been linked to the degree of 
effectiveness of COMT inhibitors and to the ► working- 
memory performance, such that the Vall58Met polymor¬ 
phism may also modify the effect of dopaminergic drugs 
(e.g., the COMT enzyme inhibitor ► tolcapone) in the 
prefrontal cortex. 

Despite the fact that much research has been dedi¬ 
cated to the development and understanding of various 
cognitive enhancers, we still have limited knowledge of 
how specific cognitive functions are modulated by 


neurotransmitters. For example, while we know that 
► methylphenidate improves symptoms of ADHD and 
also improves performance on objective behavioral 
tasks, such as spatial working memory and stop signal, 
we are yet to determine conclusively whether dopamine, 
noradrenaline, or both neurotransmitters are required for 
these effects on cognition. Some of the most notable PCEs 
being explored to assist individuals with neurological or 
neuropsychiatric disorders with executive function and 
attention difficulties include methylphenidate, ► atomox- 
etine and ► modafinil. Methylphenidate, also commonly 
known as Ritalin, increases the synaptic concentration of 
dopamine and noradrenaline by blocking their reuptake. 
Atomoxetine on the other hand, is a relatively selective 
noradrenaline reuptake inhibitor (SNRI). In the case of 
modafinil, despite considerable research, its precise mech¬ 
anism of action is unclear, though it has been found to 
exhibit a multitude of effects including potentiation of 
noradrenaline and to a degree, dopamine neurotransmis¬ 
sion; and elevation of extracellular glutamate, serotonin 
and histamine levels, and decreased extracellular GABA. 
Recent evidence suggests that some of its cognitive effects 
may be modulated primarily by noradrenaline transporter 
inhibition. 

There are many additional considerations in examining 
the cognitive enhancing effects of various pharmacological 
agents. Neurotransmitter functions, at times, following an 
inverted U-shaped curve, with deviations from optimal 
level in either direction impairing performance. Moreover, 
different neurotransmitter levels can be found across brain 
regions, suggesting a complex interplay between baseline 
levels and drug administration. While some cognitive 
functions may improve following drug administration, 
others may worsen, as they depend on different optimum 
neurotransmitter levels. Drug-induced neurotransmitter 
increases may improve functioning in some groups but 
have no effect or even impair performance in others, al¬ 
ready at optimum. Namely, the baseline abilities of the 
individual can limit the effectiveness of certain PCEs, and 
their effect will be more pronounced in those with an initial 
below-average level of performance. 

An effective method of testing the effects of cognitive 
enhancers on cognition is by using double-blind placebo 
control studies where participants undergo a battery of 
objective cognitive tasks targeted at measuring various 
facets of cognition, including memory, attention, and 
executive functions. For instance, in the ► CANTAB Spa¬ 
tial Working Memory (SWM) task, a number of colored 
boxes are shown on the screen. The aim of this task is that, 
by touching the boxes and using a process of elimination, 
the subject should find one blue “token” in each of a 
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number of boxes. The number of boxes is gradually 
increased, until it is necessary to search a total of eight 
boxes. SWM is a test of the subject’s ability to retain spatial 
information and to manipulate remembered items in 
working memory. It is a self-ordered task, which also 
assesses heuristic strategy. This test is sensitive to frontal 
lobe and “executive” dysfunction and is impaired in child¬ 
hood and adulthood ADHD. 

It has been demonstrated that methylphenidate 
improves SWM task performance in young volunteers 
and in children and adult patients with ADHD, whereby 
patients make less task-related errors when on methylphe¬ 
nidate. The neural substrates mediating SWM task perfor¬ 
mance have been examined using imaging techniques such 
as positron emission topography ( ► PET) and indicate that 
the dorsolateral- and mid-ventrolateral prefrontal cortex 
are particularly recruited. Studies using PET and contrast¬ 
ing [ (11 )C] raclopride binding on methylphenidate versus 
placebo have further indicated that methylphenidate 
influences dopaminergic function, particularly in the stri¬ 
atum. Methylphenidate has been found to improve both 
performance and efficiency in the spatial working memory 
neural network involving the dorsolateral prefrontal cor¬ 
tex and posterior parietal cortex in healthy volunteers. 
Similar studies using the double-blind, randomized, pla¬ 
cebo-controlled methodology have reported that addi¬ 
tional drugs such as modafmil and atomoxetine can 
improve performance in some tasks of executive function¬ 
ing. Thus, modafmil has been found to improve spatial 
planning and response inhibition in ADHD patients, as 
measured by a variant of the Tower of London task and the 
stop-signal task, respectively. It has been further demon¬ 
strated that modafmil produces improvements in perfor¬ 
mance in a group of healthy volunteers on tests of spatial 
planning, response inhibition, visual recognition, and 
short-term memory. Likewise, administration of an acute 
dose of atomoxetine has been found not only to improve 
response inhibition in ADHD patients, but also in healthy 
adults. Using functional magnetic resonance imaging 
(► fMRI), the brain mechanisms by which atomoxetine 
exerts its effects in healthy volunteers has been examined 
in a double-blind placebo-controlled study. Atomoxetine 
led to increased activation in the right inferior frontal 
gyrus when participants attempted to inhibit their 
responses in the stop-signal task. Inhibitory motor con¬ 
trol has been shown previously to depend, at least in part, 
on the function of this brain region. 

There is a clear trend in many Western countries to¬ 
ward increasing prescriptions of methylphenidate. With 
the advent of psychiatric medications with greater tolera¬ 
bility and fewer side effects, these trends are set to continue. 


However, it is not only those who suffer from neuropsy¬ 
chiatric disorders and brain injury who are appearing to 
use pharmacological cognitive enhancers (Sahakian and 
Morein-Zamir in press); but the use of stimulants, inc¬ 
luding methylphenidate and ► amphetamines by students 
has been rising as well. Trends suggest that between 1993 
and 2001 there was a clear increase in the life-time and 
12-month prevalence rates of nonmedical use of prescrip¬ 
tion drugs in college students. In the United States, stu¬ 
dies indicate that up to 16% of students on some college 
campuses use stimulants, while 8% of university under¬ 
graduates report having illegally used prescription stimu¬ 
lants. Surveys on students indicate that most illicit use of 
prescription stimulants reported in the past year invo¬ 
lve amphetamine-dextroamphetamine combination agent, 
with higher use among Caucasians and Hispanics when 
compared with African-Americans and Asians and con¬ 
siderable variations between colleges. The most common¬ 
ly reported motives for use were to aid concentration, 
help study, and increase alertness. There is also a trend 
for increasingly younger students to use such drugs with 
one report indicating 2.5% of eighth grades (13-14 years), 
abused methylphenidate; as did 3.4% tenth graders and 
5.1% twelfth graders. The trends are also not reserved for 
North America alone, as prescriptions rates in England of 
stimulants have been rising steadily from 220,000 in 1998 
to 418,300 in 2004. Although drugs such as modafmil are 
prescribed off-label in North America, they can be freely 
obtained without a prescription via the internet from 
multiple websites in various countries. In fact, a recent 
survey identified 159 sites offering drugs for sale, of which 
only 2 were regulated and 85% not requiring a physicians 
prescription from the patient. Another cognitive domain 
of great interest is memory. 

These trends of growing use are likely set to increase as 
presently there are also novel cognitive enhancers under 
development, many of which are aimed at improving 
memory and learning. Given the aging population in the 
United Kingdom and elsewhere, and the fact that the 
lifespan of individuals is being extended, it is highly likely 
that cognitive enhancing drugs that can improve memory 
in healthy elderly will prove to be in demand. 

For example, ► Ampakines, which work by enhancing 
the AMPA receptor’s response to glutamate, improve cog¬ 
nition in healthy aged volunteers. Novel compounds such 
as nicotinic alpha-7 receptor agonists are now in Phase 
2 of clinical trials in AD and schizophrenia (e.g., MEM 
3454, Memory Pharmaceuticals/Roche). 

The popular media has reported extensively both on 
studies finding improved performance in healthy indivi¬ 
duals and on the rising use of PCEs in healthy individuals 
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(see also Maher 2008). For example, the results from the 
authors’ laboratory on modafmil were reported in the 
media, including newspapers, magazines, and radio. Pub¬ 
lications ranging from The Guardian newspaper (London) 
to The New Yorker and Nature , as well as the BBC, have 
discussed their potential for wide-spread use. Maintaining 
an optimum level of alertness, arousal, and attention 
might be expected to prove valuable in a range of work 
and leisure activities. Indeed, the use of PCEs is not 
restricted to academic use, and American sprinter Kelli 
White received a two-year ban in 2004 for using modafmil 
when competing in the world championships and other 
US national events. 

The study of cognitive enhancing drugs, and their 
influence both on patients with neuropsychiatric and neu¬ 
rological disorders and healthy adults, raises numerous 
neuroethical issues. In the area of ► neuroethics, there 
are several important considerations in regard to the use 
of cognitive enhancing drugs, particularly in children and 
adolescents where the brain is still in development (Marcus 
2002). For example, certain drugs such as the stimulants 
have abuse potential and we do not even know what side 
effects may emerge with long-term use in healthy people. 
There are also many other issues, including possible direct 
and indirect coercion and greater societal disparity, which 
will impact on the individual and on society. 

As pharmacological cognitive enhancement appears 
set to become increasingly widespread, the profile of cog¬ 
nitive effects of each drug on specific populations should 
be mapped, along with its potential for harms. This will 
facilitate ethical and regulatory discussion about each 
pharmacological substance. At present, regulatory bodies 
(e.g., FDA, MHRA, EMEA) are concerned with treat¬ 
ments for disorders or diseases, but this may change in 
future with the increasing use of cognitive enhancing 
drugs by healthy people (Greely et al. 2008). The develop¬ 
ment of tailored, cognitive enhancing treatments for a 
wide range of neuropsychiatric disorders, as well as for 
normal function, holds much future promise. As ► phar- 
macogenomics and individualized medicine continues to 
develop, cognitive enhancing drugs may prove of great 
benefit to society in terms of improving wellbeing and 
quality of life for people with neuropsychiatric disorders, 
brain injury, and age-related memory impairment. 
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Synonyms 

Nootropics 

Definition 

Cognitive enhancers are drugs that are used to treat pro¬ 
blems of memory, attention and inhibitory control. 

Pharmacological Properties 

Cognitive problems exist in a variety of psychiatric and 
neurological disorders. Current nootropics, the ► acetyl¬ 
cholinesterase inhibitors, are used primarily to treat 
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► Alzheimer’s disease. These drugs have limited efficacy 
and cannot be used ubiquitously across all disorders 
where cognitive enhancement might be beneficial (for 
example, they are inappropriate for the use in patients 
with ► Parkinson’s disease as they can aggravate the 
motor disability). Therefore, the future development of 
a range of drugs with different mechanisms of action is 
likely to occur. 

lonotrophic Glutamate Receptors 

Ionotrophic ► glutamate receptors as a target for cogni¬ 
tion enhancement have been of interest since the 1980s 
following the discovery of their involvement in ► Long¬ 
term potentiation (LTP; a persistent strengthening of 
synapses). This form of synaptic plasticity requires the 
activation of N-methyl-D-aspartate (NMDA)-receptors 
for its induction. Alpha-amino-3-hydroxy-5-methyl-4- 
isoxazoleproprionate (AMPA)-receptors can also pro¬ 
mote the induction of LTP, and they play an important 
role in the expression of the potentiated response (Cooke 
and Bliss 2005). It has been presumed that LTP underlies 
some forms of learning and memory for two reasons. 
First, because the induction of LTP at any particular 
synapse requires coincident activity, it fulfils the criterion 
for a Hebb Synapse, predicted in 1949 to be necessary for 
the formation of associations. Second, compounds that 
act as antagonists at NMDA-receptors both impair the 
induction of LTP and produce clear cognitive deficits in 
animals and humans (see Robbins and Murphy 2006). 
Not surprisingly then, the enhancement of cognition 
with ligands that positively modulate NMDA- and 
AMPA-receptors has been a goal for some time. While 
it is not possible to use agonists that act by stimulating 
these receptors via the glutamate binding site, due to the 
risk of causing neurodegeneration or inducing seizures, 
in recent years, ligands that act through other binding 
sites to modulate receptor activity and which have pro- 
cognitive effects have emerged. 

Drugs Acting at NMDA Receptors 

► NMDA-receptors are comprised of four protein subunits 
clustered around an ion channel. The channel is normally 
occupied by magnesium, but when the neuronal membrane 
is sufficiently depolarised, magnesium dissociates and cal¬ 
cium influx into the cell is permitted. Each heteromeric 
NMDA-receptor is believed to consist of two protein NR1 
subunits plus two NR2 subunits. There are four variants of 
the NR2 subunit, denoted A,B,C, and D. While glutamate 
itself binds to sites on the NR2 subunits, there are a number 
of other binding sites located at different parts of the recep¬ 
tor, including those for the endogenous “co-agonists,” 


glycine and D-serine which bind to the NR1 subunits, at 
Glycine B sites (see Fig. 1). Although glutamate and Gly- 
cine B sites are located on different subunits of the NMDA- 
receptor, both glycine and D-serine can enhance the action 
of glutamate. In turn, the effectiveness of glycine and d- 
serine at Glycine B sites is determined by the variant of 
NR2 subunit(s) present in the receptor (Millan 2005). In 
terms of putative nootropics acting at NMDA-receptors, 
compounds acting on receptors containing NR1 plus 
NR2A/NR2B subunits are of interest, as these subunits 
are distributed in brain areas such as the ► hippocampus 
and the frontal cortex. Ideas about enhancement of cog¬ 
nition via these particular NMDA-receptors have also 
been encouraged by the seminal publication of Tang 
et al. (1999), indicating that mice that are genetically 
engineered to over express receptors containing NR2B 
subunits showed superior performance in several tests of 
learning and memory. Although the Glycine B site was 
once thought to be saturated by its endogenous ligands, 
it is now recognized that it is, which opens up the possi¬ 
bility that this site might be targeted by drugs to produce 
procognitive actions via the NMDA-receptor. 

Agonists at the Glycine B Site 

Agonists acting directly at the Glycine B site of the NMDA- 
receptor include the amino acids glycine, D-serine, and 
the synthetic ► partial agonist d- cycloserine. In preclini- 
cal studies, the full agonists such as glycine and D-serine 
have been investigated as cognition enhancers. Large 
doses are required for efficacy, but they do reverse deficits 
in ► novel object recognition tests and the impairment 
seen in a developmental model of sensorimotor gating 
deficits. Human studies have also investigated the effects 
of full agonists such as glycine, D-serine, and D-alanine. 
In healthy humans, many studies report that glycine is 
ineffective in a variety of tests and that high doses may 



Cognitive Enhancers: Role of the Glutamate System. 

Fig-1- Schematic diagram of subunits of the NMDA-receptor 
showing binding sites for glutamate and the co-agonists glycine 
and D-serine. 
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even impair some aspects of cognition. One study 
employing a very low dose, however, has reported retriev¬ 
al improvements in a test of word recall. The effects of the 
full agonists have also been investigated in ► schizophre¬ 
nia where they appear to produce some improvement in 
negative symptoms. Their cognitive benefits appear less 
clear though. 

The effects of the partial agonist D-cycloserine have 
been more studied than those of the full agonists. Preclin- 
ical experiments in rats have shown that it can enhance 
► spatial memory, such as that measured in radial and 
water mazes, in addition to visuospatial memory and 
visual recognition in primates. Reversal of decrements in 
cognition can also be seen in ageing animals. In rats, some 
elegant studies by Davies and colleagues have demon¬ 
strated the ability of D-cycloserine to facilitate fear extinc¬ 
tion. Fear extinction refers to the process of reducing 
a response to a cue previously paired with a fear-evoking 
event, by exposure to the cue in the absence of the associated 
event. This is the basis of exposure therapy, where a patient 
is repeatedly exposed to a feared object or situation, with 
support and without any adverse consequences. Important¬ 
ly, extinction of the fear response occurs through new 
learning which inhibits the original fear, rather than by 
simple forgetting. As with some other forms of learning, 
extinction is a process that can be prevented by antagonists 
acting at NMDA-receptors. Davis and colleagues therefore 
predicted that ligands that positively modulate the NMDA- 
receptor should facilitate fear extinction and in preclinical 
studies they went on to show that D-cycloserine could do 
exactly that. These and later studies led to clinical trials of 
D-cycloserine in humans as an adjunct to improve expo¬ 
sure therapy for acrophobia (fear of heights). During 
these trials that were carried out in a virtual reality envi¬ 
ronment, patients were given D-cycloserine (or placebo) 
before two therapy sessions and retested 1 week and 3 
months later. At the retests, patients who had received d- 
cycloserine during therapy sessions, showed enhanced 
fear reduction in the virtual reality environment (Davis 
et al. 2006). Therefore, by potentiating the action of 
glutamate through the Glycine B -site, extinction learning 
can be accelerated in both animals and humans. 

In other studies, D-cycloserine has been found to 
improve different aspects of learning, memory and also 
performance in tests of cognitive flexibility in both 
healthy humans and in patients with schizophrenia or 
Alzheimer’s disease. As in the fear extinction studies, 
these procognitive actions of D-cycloserine have invari¬ 
ably been seen at small doses only, perhaps because its 
efficacy as an agonist may be lost at larger doses (Priestley 
et al. 1995). 


Glycine Reuptake Inhibitors 

Another way to enhance the activity of NMDA-receptors 
via the Glycine B -site is to elevate the synaptic levels of 
endogenous glycine itself. Normally, the action of glycine 
would be terminated by its removal from the synapse by 
specialized transporters located on neuronal membranes 
and on the surrounding glial cell membranes. Although 
there are multiple subtypes of transporter, glycine-1 
transporters (GLYT-1) located on the glial cells play a 
major role in the removal of glycine from the synapse 
and it is the activity of these transporters that is thought 
to be the reason why Glycine B -sites are not saturated 
in vivo. Drugs that prevent the activity of GLYT-1, glycine 
reuptake inhibitors (GRIs) should therefore increase glu¬ 
tamate action at NMDA-receptors. 

The first generation of GRIs were based on sarcosine 
(N-methyl-glycine), a selective inhibitor of glycine uptake 
at GLYT-1 and include NFPS (N-[3-(4'-Fhiorophenyl)- 
3- (4'-phenylphenoxy)propyl] sarcosine) and Org24461/ 
24598. Second generation GRIs are non-aminoacid- 
based compounds, such as SSR504734. Accompanying 
the rise of the glutamatergic hypothesis of schizophrenia, 
our knowledge of the procognitive actions of GRIs comes 
mostly from preclinical studies aimed at modeling aspects 
of cognition that are impaired in the disorder. Pre-pulse 
inhibition, or PPI, describes the ability of a small pre¬ 
stimulus to inhibit the startle response to a larger stimu¬ 
lus. In animal models, deficits in PPI arise spontaneously 
in the DBA/2 strain of mouse or can be seen to develop in 
adult rats, following neonatal treatment with phencycli¬ 
dine. These are thought to model a schizophrenic abnor¬ 
mality in filtering information and studies in animals 
have consequently shown that GRIs can reverse these 
deficits. Other studies have shown their effectiveness at 
improving object recognition or reference memory, in 
tests where deficits have been pharmacologically induced 
with NMDA-receptor antagonists. In human schizophre¬ 
nia patients, sarcosine and other GRIs can improve “cog¬ 
nitive symptoms” but the nature of these improvements is 
not yet well described. 

Overall, drugs targeting the Glycine B -site of the 
NMDA-receptor do appear to have procognitive effects 
on several aspects of learning and memory. There is little 
evidence for improvements in attention and their effec¬ 
tiveness for enhancing other cognitive domains remains 
to be fully investigated. 

Drugs Acting at AMPA-Receptors 

Most of the fast glutamatergic neurotransmission in the 
brain is mediated by ► AMPA-receptors. In addition, 
changes in synaptic plasticity are associated with 
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AMPA-receptor insertion and removal from the neuronal 
membrane (receptor trafficking). They are composed of 
four protein subunits (tetramers) clustered around an ion 
channel and which are denoted by GluRl-4. These sub¬ 
units can also exist as “flip” and “flop” variants. There is 
therefore AMPA-receptor subtype diversity throughout 
the brain. The calcium permeability of the receptors 
depends on the subunit composition - those containing 
GluR2 subunits are impermeable. The ► hippocampus 
and the ► amygdala are areas of the brain containing 
receptors that lack the GluR2 subunit and as a conse¬ 
quence, they have high calcium permeability. 

There are two ways in which glutamate neurotrans¬ 
mission at AMPA-receptors is terminated. In the first case, 
deactivation, glutamate dissociates from the binding site 
and the ion channel closes. In the second, desensitization, 
glutamate remains bound, but a conformational change 
in the receptor causes a closing of the ion channel with the 
ligand trapped (see Fig. 2). The subunit constitution of 
the receptor can alter the rate at which it desensitizes. In 
principle then, any compound that prevents the deactiva¬ 
tion or the desensitization of the receptor should prolong 
the receptor response to glutamate. Such drugs are termed 
AMPAkines or AMPA-receptor potentiators and most act 
by preventing desensitization. 

Four main classes of AMPA-receptor potentiators 
have been developed to date (see Table 1). 

The exact pharmacology of each compound varies due 
to receptor diversity, but all can enhance glutamatergic 
neuro transmission at AMPA-receptors and this has a 
number of consequences. First, because AMPA-receptors 
play a key role in LTP, potentiation of their activity can 
remove the magnesium block on NMDA-receptors result¬ 
ing in the enhancement of synaptic plasticity. Second, 
their activation can also increase the expression of 
the neurotrophin ► brain derived neurotrophic factor 
(BDNF); the result of this is to increase neurogenesis. 
It is therefore not surprising that AMPA-receptor poten¬ 
tiators should be of interest in regard to cognition 
enhancement. 

The preclinical profile of the AMPA-receptor poten¬ 
tiators, with respect to therapeutic potential, including as 
cognition enhancers was reviewed by Black (2005). Several 
studies have shown that they can have beneficial effects on 
new learning. These procognitive actions have been 
reported in rodent maze tasks tapping spatial memory 
and in conditioning tests, such as passive avoidance or 
conditioned fear. In primate studies, they can also reverse 
pharmacologically-induced deficits in new learning. Also, 
there is evidence for positive benefits on ► working 
memory in both rodents (using models such as ► delayed 
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Fig. 2. Schematic diagram of different states of the AMPA 
receptor, (a) and (b) show resting and activation by glutamate 
respectively. Deactivation (c) and desensitisation (d) represent 
two different mechanisms by which glutamatergic 
neurotransmission at AMPA-receptors is terminated. 
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Table 1. The main classes of AMPA-receptor potentiators. 
(From O'Neill and Dix 2007.) 


Chemical class 

Examples 

Pyrrolidones 

Aniracetam, piracetam 

Piperidines 

1-BCP, CX-516 

Benzothiazides 

Diazoxide, cyclothiazide, IDRA- 


21 

Biarrlpropylsulphonamides 

LY-392098, LY-404187 


matching to sample tests) and primates ( ► delayed non¬ 
matching to sample) and for improved performance in 
object recognition tests. Enhanced impulse control has 
been reported in rat studies. This latter finding, however, 
rests solely on the effect of aniracetam, and it is not yet 
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clear whether this is a class effect of the AMPA-receptor 
potentiators. 

Preclinically then, the cognitive effects of the AMPA- 
receptor potentiators are in many ways similar to those 
of drugs aimed at positively modulating the NMDA- 
receptor, perhaps because of their ability to enhance 
LTP, although this picture is likely to be biased by the 
use of animal models designed to detect specific pharma¬ 
cological effects believed to be therapeutically useful in 
particular disorders. 

Very few studies on the effects of AMPA-receptor 
potentiators have been carried out in humans. An early 
study found some evidence for improved free recall of 
nonsense syllables in elderly volunteers and a small clini¬ 
cal trial in younger adults was also able to detect enhanced 
performance in four different memory tasks (Lynch 
2004). There is also some evidence for alerting effects in 
sleep deprived volunteers. In schizophrenic patients, 
equivocal results have been obtained, with CX516 as an 
add-on treatment to current antipsychotic medication. 
Results have also been disappointing with LY451395 in a 
trial in patients with Alzheimer’s disease, where the mea¬ 
sure of cognitive assessment was the cognitive subscale of 
the Alzheimer’s disease assessment scale. Lastly, no im¬ 
provement was seen in a variety of cognitive measures in a 
trial of CX516 in patients with ►Fragile X Syndrome. 
Fragile X Syndrome is an inherited disorder characterized 
by intellectual and emotional disabilities and where there 
may be abnormalities of AMPA-receptor trafficking. The 
reason for the negative results in patients is unclear, al¬ 
though some of the AMPA-receptor potentiators are not 
particularly potent drugs and the difficulty of achieving 
adequate concentrations has been debated. 

Overall, the preclinical studies indicate that AMPA- 
receptor potentiators can promote learning and memory. 
However, there is room for investigation of their effects 
across more cognitive domains. There is a paucity of 
clinical studies, although those carried out in healthy 
volunteers are suggestive of some of the preclinical find¬ 
ings being translatable to humans. 

Cognition Enhancers as Investigational Tools 

For the most part, drugs such as the GRIs and the AMPA- 
receptor potentiators have been developed in attempts to 
provide new medicines for specific psychiatric disorders, 
most notably for schizophrenia. While this hopefully 
proves fruitful, many of the positive modulators of 
ionotrophic-receptor activity can also be used effectively 
as tools to investigate the role of ► glutamate in a broader 
range of cognitive functions and aspects of other mental 
health disorders. One obvious area for their use as tools is 


in addiction studies. This is partly because a role for 
glutamate-mediated neuroadaptations in addiction has 
been known for some time (see Kauer and Malenka 
2007) partly as many drugs of abuse induce glutamate 
release in reward-related areas of the brain and also be¬ 
cause the cognitive aspects of addictions, such as inhibi¬ 
tory control over drug-seeking behavior, are increasingly 
being recognized. 

With the possible exception of the compounds that 
may require large doses, many of the drugs mentioned 
above could be used as tools in addiction research, in both 
animal and human studies. In using them as tools, one 
important factor needs to be taken into account. A com¬ 
mon property of the Glycine B -site agonists, GRIs and the 
AMPA-receptor potentiators is that they do not directly 
activate receptors themselves. Instead, as they modulate 
the action of glutamate, it may be presumed that some 
level of endogenous activity would be required for their 
effects to emerge. In the case of the Glycine B -site agonists 
and the GRIs, the endogenous levels of glycine and 
D-serine are also likely to be a factor. It might be possible 
to predict however, certain situations where a level of 
endogenous activity is to be expected. First, where new 
learning occurs during the extinction of drug-taking be¬ 
havior, thus in an analogy with the studies on fear extinc¬ 
tion, these drugs would be expected to facilitate the 
process. Second, in line with much evidence from studies 
using NMDA-antagonists which indicates a role for glu¬ 
tamate in inhibitory control, it could be predicted that the 
Glycine B -site agonists and GRIs would aid active inhibi¬ 
tion of impulsive behavior. 

D-cycloserine, the partial agonist at the Glycine B -site, 
is well tolerated in humans and therefore being used 
increasingly as an investigative tool. As D-cycloserine is 
a partial agonist, it has the ability not only to potentiate 
glutamate-receptor function, but for a given dose, it can 
also block the action of glycine through its antagonist 
property. Like any partial agonist then, the “direction” 
of its behavioural effect depends on levels of endogenous 
activity. As a pure cognitive enhancer the effects of 
D-cycloserine therefore, may only be useful under partic¬ 
ular conditions, but for the purposes of investigating 
the role of glutamate in cognition and behavior it may 
be a uniquely useful tool. A recent study by Jackson and 
colleagues illustrates how it can be used. 

As there is a considerable amount of preclinical evi¬ 
dence implicating a role for glutamate in the effects of 
nicotine, D-cycloserine was used to investigate the role of 
glutamate in the cognitive and subjective effects of smok¬ 
ing in humans. Figure 3 illustrates the theoretical appro¬ 
ach that was used for the study. Volunteers were asked 
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Cognitive Enhancers: Role of the Glutamate System. 

Fig. 3. Theoretical approach to the use of the partial agonist 
D-cycloserine in investigating the role of glutamate in the 
effects of smoking. 


to “partially smoke” a cigarette after taking 50 mg of 
D-cycloserine (or placebo). They then completed a series 
of cognitive and subjective tests. Volunteers who had 
received D-cycloserine reported less subjective effects 
after smoking, compared with those given placebo. In 
contrast, the same dose of D-cycloserine enhanced inhibi¬ 
tory control after smoking compared with those given 
placebo. Thus by using the bidirectional pharmacological 
property of D-cycloserine, a role for glutamate in some of 
the cognitive and subjective effects of smoking was con¬ 
firmed in humans. 

Ultimately, it is not possible to know what the level of 
endogenous glutamate activity was during the smoking 
study. Although the results with D-cycloserine indicated a 
role for glutamate in the effects of smoking, the interpre¬ 
tation of that role is made in the light of numerous other 
studies that have employed the use of NMDA-antagonists. 
Similarly, if the AMPA-receptor potentiators are to be 
used as effective tools, it might first be important to 
understand the consequences of reduced AMPA-receptor 
function, as a null result with these drugs might simply be 
a reflection of preexisting conditions of high endogenous 
activity. However, provided that their pharmacological 
mode of action as modulators of glutamate activity (as 
opposed to direct activators of receptors) is taken into 
account during the design of studies and in the interpre¬ 
tation of results, their use as investigational tools is possi¬ 
ble and should provide valuable further information 
about the processes involved in cognition. 

Cross-References 

► Acetylcholinesterase Inhibitors 

► Long-Term Potentiation 

► Novel Object Recognition 

► Partial Agonist 

► Spatial Memory 

► Working Memory 
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Cognitive Flexibility 

► Behavioral Flexibility: Attentional Shifting, Rule 
Switching and Response Reversal 


Cognitive Impairment 

Synonyms 

Cognitive deficit; Neurocognitive dysfunction 

Definition 

Cognitive impairment is considered a core feature of 
schizophrenia that is related to the daily functioning of 
patients. On average, cognitive impairment in schizophre¬ 
nia is severe to moderately severe compared with healthy 
controls. Cognitive impairment is not state-related and is 
not specific to subtypes of the illness. It includes problems 
in speed of processing, attention/vigilance, working mem¬ 
ory, verbal learning, visual learning, reasoning and prob¬ 
lem solving, and social cognition. These deficits can also 
serve as an endophenotype for the illness and are 
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considered a reasonable treatment target in individuals affecting the remaining processes, or that there are no 
with schizophrenia. interactions among the cognitive components of a task. 


Cross-References 

► Endophenotype 

► Schizophrenia 


Cross-References 

► Magnetic Resonance Imaging (Functional) 
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Cognitive Neuroscience 

Definition 

The field of cognitive neuroscience is concerned with the 
study of the brain basis of mental processes in humans - or 
how the brain enables the mind. It seeks to understand 
how specific mental abilities and their behavioral corre¬ 
lates are supported by brain systems (regions, networks) 
both in healthy and disordered populations. Cognitive 
neuroscience integrates the theoretical background and 
experimental practices of cognitive science, cognitive psy¬ 
chology, neuroscience, and psychophysiology. The advent 
of functional neuroimaging techniques, in particular 
fMRI, has had a major influence on the growth of this field. 

Cross-References 

► Magnetic Resonance Imaging (Functional) 


Cognitive Processing 

Definition 

Thinking and use of thoughts to organize perceptual 
information and to plan, decide, and coordinate motor 
reactions. 


Comorbid 

Definition 

Comorbid describes when two or more diseases (diag¬ 
noses) occur at the same time in the same person. 

Cross-References 

► Agoraphobia 


Comorbid Insomnia 

Definition 

Comorbid or secondary insomnia can be precipitated or 
aggravated by another sleep disorder, a disturbance of 
circadian rhythm, a neurological or psychiatric disease, a 
general medical condition, or the direct effects of a medi¬ 
cation or a substance of abuse. 

Cross-References 

► Insomnias 


Companion 

► Complements 


Cognitive Subtraction 

Synonyms 

Pure insertion; Subtraction method 

Definition 

In functional neuroimaging studies, cognitive subtraction 
refers to an aspect of experimental design involving the 
comparison of two conditions or brain states that are 
presumed to differ in only one discrete feature (the inde¬ 
pendent variable). Cognitive subtraction designs rely on 
the assumption of “pure insertion” - the notion that a 
single cognitive process can be inserted into a task without 


Complements 

Synonyms 

Companion 

Definition 

Complements have a parallel relationship between a com¬ 
plement and the alternative - as the price of the comple¬ 
ment increases the demand for both the alternative and 
the complement decreases. 

Cross-References 

► Behavioral Economics 
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Comprehensive Behavioral Intervention for Tics or Trichotillomania 


Comprehensive Behavioral 
Intervention for Tics or Trichotillomania 

► Habit Reversal Therapy 


Comprehensive Drug Abuse Prevention 
and Control Act of 1970 

Definition 

Enacted into law by the U.S. Congress, the Comprehen¬ 
sive Drug Abuse Prevention and Control Act of 1970, also 
known as the Controlled Substances Act, outlines the 
policies for the manufacture, importation, possession, 
use, and distribution of certain chemical substances. The 
Controlled Substances Act divides these substances into 
five schedules (classifications) and the decisions for clas¬ 
sification are based upon the potential for abuse and 
current medical uses by the Drug Enforcement Adminis¬ 
tration and the Food and Drug Administration. 


Compulsions 

Synonyms 

Compulsive acts; Compulsive rituals 

Definition 

Compulsions are repetitive behaviors (e.g., hand washing, 
ordering, checking) or mental acts (e.g., praying, counting, 
repeating words silently) the goal of which is to prevent or 
reduce anxiety or distress, not to provide pleasure or grati¬ 
fication. The person feels driven to perform in response to 
an obsession, or according to rules that must be applied 
rigidly. The behaviors or mental acts are aimed at prevent¬ 
ing or reducing distress or preventing some dreaded event 
or situation. However, these behaviors or mental acts either 
are not connected in a realistic way with what they are 
designed to neutralize or prevent or are clearly excessive. 
At some point during the course of the disorder, the person 
recognizes that the obsessions or compulsions are excessive 
or unreasonable. The compulsions cause marked distress, 
are time consuming (>1 h/day), or significantly interfere 
with the persons normal routine, occupational or academic 
functioning, or usual social activities or relationships. 

Cross-References 

► Obsession 


Compulsive Acts 

► Compulsions 


Compulsive Disorders 

Definition 

Psychiatric disorders that are characterized by the drive 
to repeatedly or habitually perform excessive, time- 
consuming, or irrational behaviors, typically in an effort 
to reduce anxiety. 


Compulsive Gambling 

► Pathological Gambling 


Compulsive Rituals 

► Compulsions 


Compulsory Ambulatory Treatment 

Definition 

Prescription against the will of the patient authorized by 
the court. 


COMT Inhibitor 

Definition 

A drug that blocks the action of catechol-o-methyl 
transferase. 


Concept Formation Test 

► Wisconsin Card Sorting Test 


Concretism 

Definition 

Concrete interpretation of abstract definitions and 
metaphors. 
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Conditional Dependence Rate 


Conditioned Avoidance Response 


Definition 

The percentage of persons who have ever used a specific 
drug that go on to develop dependence to that drug. 

Cross-References 

► Alcohol Abuse and Dependence 

► Cocaine Dependence 

► Hallucinogen Abuse and Dependence 

► Nicotine Dependence and Its Treatment 

► Opioid Dependence and Its Treatment 

► Sedative, Hypnotic and Anxiolytic Dependence 


Conditional Knockout 

Synonyms 

Cell type-specific knockout; Site-specific knockout; 
Region-specific knockout 

Definition 

The removal or complete disruption of a specific gene in a 
manner that controls the cell types and brain region or 
site where the disruption occurs. The Cre/loxP system is 
frequently used to produce conditional knockouts and in 
this system, the promoter expressing Cre recombinase will 
give rise to the specificity of the excised gene. 

Cross-References 

► Ethopharmacology 

► Genetically Modified Animals 

► Phenotyping of Behavioral Characteristics 


Conditioned Activity 

Synonyms 

Conditioned locomotion; Conditioned locomotor activ¬ 
ity 

Definition 

Conditioned activity occurs when a history of pairing the 
administration of a psychomotor stimulant drug, such as 
cocaine or amphetamine, with a particular environment 
results in acquisition by that environment of the ability to 
elicit locomotor activity in the absence of the previously 
administered substance. 


► Active Avoidance 


Conditioned Catalepsy 

► Context-Dependent Catalepsy 
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Synonyms 

Context-specific drug effects 

Definition 

The following essay will examine the historical and more 
recent scientific contributions in the field of conditioned 
drug effects. The focus will remain on drugs as the un¬ 
conditioned stimuli. The aim is to provide an outline of 
the present state of knowledge and also present a frame¬ 
work on how to examine the direct and indirect influence 
of many experimental and clinically used psychoactive 
compounds and their conditioned effects. 

Impact of Psychoactive Drugs 

Drugs can produce physiological changes (e.g., salivation, 
hypothermia) or behavioral changes (e.g., locomotor 
stimulation). Cues that are repeatedly associated with 
drug administration can acquire the ability to elicit simi¬ 
lar physiological changes or in some cases, opposite 
responses to those elicited by the drug itself. Collectively, 
responses elicited by cues associated with drugs are 
termed conditioned responses (CRs) or conditioned 
drug effects. The following chapter is organized into two 
parts: Part 1 is concerned with conditioned physiological 
responses to drugs and Part 2 is concerned with 
conditioned behavioral responses to drugs. 

Part 1: Conditioned Physiological Responses to 
Drugs 

The Nobel Prize-winning Russian physiologist IP Pavlov 
showed that the responses produced by a drug can be 
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evoked by cues associated with drug administration even 
in the absence of the drug. Pavlov described this phenom¬ 
enon as ► classical conditioning. The drug serves as 
the unconditioned stimulus (US) and produces an un¬ 
conditioned response (UR). Pairing of an initially neutral 
stimulus with the drug leads to acquisition by that stimu¬ 
lus (the conditioned stimulus or CS) of the ability to 
produce a response like the US, termed the conditioned 
response (CR). 

The earliest studies examining physiological responses 
to drugs tested morphine effects on salivation. Pavlov 
showed that injection of ► morphine (the US) evoked 
salivation (the UR) in dogs; after a number of morphine 
injections, the cues associated with drug administration 
(the CS) were able to elicit the response (the CR) pro¬ 
duced by morphine. Pavlov showed further that injection 
of atropine inhibited salivation; perhaps surprisingly, 
after a number of atropine injections, cues associated 
with its administration elicited salivation, a CR opposite 
to the UR. 

In Pavlovian conditioning, it is essential to identify the 
US and the UR when drugs are used to induce physio¬ 
logical changes. Eikelboom and Stewart (1982) argued 
that the unconditional stimulus is a . .physical event 
that results in neuronal consequences.. .what is crucial 
in this definition is that the (unconditioned) response is 
an outcome of neural activity” (p. 509). Learning and 
conditioning are activities of the central nervous system 
(CNS); hence, stimuli need to be viewed as inputs to and 
responses as outputs from the CNS. Only when a drug acts 
on the input side of the CNS should its action be consid¬ 
ered an US and only those observed drug effects that are 
CNS-mediated physiological reactions to unconditioned 
stimuli should qualify as a UR. Drug-manipulated ther¬ 
moregulation provides an example. Two widely studied 
drugs are morphine that causes hyperthermia and ethanol 
that causes hypothermia. Morphine has been shown to act 
directly through the CNS to produce effects on the ther¬ 
moregulatory system. The CR to morphine mimics the 
drug effect, hyperthermia. On the other hand, ethanol 
acts peripherally to produce increased cutaneous blood 
flow leading to heat loss and a decrease in body tempe¬ 
rature that is detected by the CNS that then mounts a 
compensatory hyperthermic response. When the drug- 
associated cues (the CS) are subsequently presented alone, 
only the (CNS-mediated) hyperthermic response (the CR) 
is observed. The CR in this case is opposite to the drug effect 
(the UR). 

The classic study by Zubkov and Zilov (see Bespalov 
et al. 2001) reveals some further complexities for identify¬ 
ing the true UR. They examined the CR to epinephrine- 


associated cues on heart rate in dogs. Epinephrine produced 
heart rate acceleration upon initial injection. However, the 
effect was substantially attenuated after several injections 
and complete ► tolerance was reported by the sixth injec¬ 
tion. When the dogs with a history of epinephrine admin¬ 
istration were injected with saline the heart rate was 
significantly decelerated. This phenomenon was termed 
associative tolerance: CRs elicited by environmental sti¬ 
muli paired with epinephrine injection were opposite in 
direction to the initial UR produced by the drug. 

The aforementioned observations conflict with 
Pavlovian conditioning where the CR is the same as the 
UR evoked by the US. In defense to their findings, Zubkov 
and Zilov argued that the CR need not mimic the UR and 
under certain circumstances, it may actually counteract the 
effects of the US. However, a related study by Androsova 
(see Bespalov et al. 2001) did not support this compensa¬ 
tory CR explanation of associative tolerance - instead, it 
was shown that epinephrine has dual actions on heart 
rate. The direct effect is seen as tachycardia and the 
indirect effect is a result of increased blood pressure via 
the baroreflex mechanism. Thus, during acute treatment 
with epinephrine, the cardiac increase effects overshadow 
the indirect vagal stimulation. It was argued that the indi¬ 
rect vagal reflex effect that was evident during the drug-free 
test was the true UR that became conditioned to stimuli 
that accompanied repeated epinephrine injection (Bespalov 
et al. 2001). 

Morphine has been known to produce dose-dependent, 
biphasic, physiological and behavioral responses. When 
a naive rat is injected with a large dose of morphine, 
it initially shows hypothermia, followed by hyperther¬ 
mia. Similarly in behavior analysis, a dose of morphine 
will evoke initial hypokinesia followed by later-onset hyp¬ 
erkinesias. Therefore, it is essential to identify each UR 
that occurs throughout the action period of the drug. 
These opposite effects may acquire associations with 
different conditioned stimuli that elicit a number of CRs 
across time. 

There is some debate concerning associative tolerance 
of morphine analgesia. Siegel (1975) first demonstrated 
that the tolerance observed to the analgesic effect of mor¬ 
phine is context- or environment-specific. Rats previously 
injected with morphine and then tested with saline (in the 
environment previously associated with morphine) 
showed increased sensitivity to pain; this effect was not 
observed when the rats were tested in a novel environ¬ 
ment. Siegel subsequently proposed a conditioning model 
of tolerance to explain his findings, suggesting that 
conditioned hyperalgesic responses to morphine develop 
as an adaptive homeostatic mechanism in response to 
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predictable changes caused by the drug. Therefore, this 
conditioned opponent response that counteracts the an¬ 
algesic action of morphine is elicited by the environment 
in which morphine was administered. 

In associative tolerance, the CR elicited by environ¬ 
mental stimuli paired with morphine injection is reported 
to be opposite in direction to the UR produced by the 
drug. This observation conflicts with Pavlovian associa¬ 
tive learning, yet it follows the same rules of conditioning. 
Firstly, like Pavlovian CRs, associative tolerance to mor¬ 
phine can be extinguished with repeated presentation of 
environmental cues that were previously associated with 
morphine but without morphine injection. Secondly, like 
Pavlovian CRs, associative tolerance to morphine is sub¬ 
ject to latent inhibition. Exposure to conditioning stimuli 
prior to pairing with the drug inhibits the acquisition of 
tolerance. Lastly, like Pavlovian CRs, tolerance is not seen 
when the drug cues are absent. Based on this evidence the 
question remains: Why is the CR opposite to the observed 
drug effect? A parsimonious explanation would argue that 
it is possible that morphine may have a dual effect on pain 
sensitivity. Siegel (1975) reported that rats had shorter 
paw-lick latencies on the hot plate on the last six out of 
eight test trials following administration of morphine, 
when compared with saline controls. Therefore, following 
morphine administration rats appeared hyperalgesic. Per¬ 
haps, hyperalgesia is an observed drug effect, i.e., an UR 
that can become conditioned and is evoked as a CR. 

In accordance with this idea, Celerier et al. (2001) 
reported that acute administration of heroin induces 
delayed hyperalgesia in rats and that this increased sensi¬ 
tivity to pain may serve as the UR during the CS-US 
pairings. Furthermore, this effect was seen initially for 
4-5 h following each treatment, and sensitized upon 
repeated heroin treatments shifting the curve to the left; 
hence, increasingly counteracting the opioid-induced an¬ 
algesia. Therefore, hyperalgesia following morphine treat¬ 
ment may be masked by morphine’s initial analgesic 
activity. 

Both analgesia and hyperalgesia are direct effects of 
morphine on the CNS, but they appear at different times 
after injection. However, only hyperalgesia is expressed as 
a CR when rats are exposed to the test environment. The 
reason for this may be that different drug effects can be 
paired with different cues and the strength of condition¬ 
ing to a particular cue is affected by that cue’s salience. 
The environment previously paired with morphine injec¬ 
tions consists of many cues of variable relevance, where 
each is competing to gain the most associative weight. It 
was reported that from a number of stimuli conditioned 
to morphine, only the morphine-associated gustatory 


stimulus showed an analgesic CR. Thus, different drug 
effects may be conditioned at different times to a variety 
of stimuli within different modalities. This was addressed 
by Eikelboom and Stewart (1982), where temporal and 
environmental cues were found to play a different role 
during conditioned hypothermia and hyperthermia based 
on morphine. 

Morphine acts directly through the CNS on the ther¬ 
moregulatory system and acts as an US to produce hyper¬ 
thermia. In studies where saline was injected in a 
distinctive conditioning environment that was paired pre¬ 
viously with morphine, robust-conditioned hyperthermia 
was observed. Subsequently, a second-conditioning com¬ 
ponent of the experiment was reported. It was observed 
that rats consistently showed hypothermia 1 h before each 
expected morphine injection (given at 24 h intervals), 
although their body temperatures were normal 2 h prior 
to the injection. It was hypothesized that the temporal 
cues became predictive of the next morphine injection 
and elicited conditioned hypothermia. However, if rats 
were given injections at irregular temporal intervals and 
temperatures were taken throughout the 24 h period, the 
rats exhibited hypothermia at all hours of the day relative 
to controls. Therefore, only when injections were given at 
the same time each day, making temporal cues predictive 
of the next morphine injection, did the hypothermia 
become locked into the time of day (i.e., a true condi¬ 
tioned compensatory response). Thus, two conditioned 
temperature responses were evoked by two different CSs: 
conditioned hyperthermia by contextual environmental 
cues and conditioned hypothermia by temporal cues. 
If both CRs had been elicited by the same cues, only the 
net effect would be evident. When animals were tested 
in the presence of both types of conditioned stimuli 
(temporal and environmental), no temperature changes 
were evident. 

In summary, physiological effects of drugs such as 
changes in body temperature or changes in pain sensitivi¬ 
ty can become associated with cues that signal the admin¬ 
istration of these drugs. In some cases, the physiological 
responses produced by conditioned stimuli mimic the 
URs produced by the drug. In other cases, the physiologi¬ 
cal responses produced by conditioned stimuli are oppo¬ 
site in direction to those produced by the drug. A 
consideration of the locus of action of the drug and the 
point where the drug itself or its somatic effects influence 
the CNS provides a framework for predicting the direc¬ 
tion of CRs. Consideration also needs to be given to the 
acute versus chronic unconditional effects of drugs and 
which of these are being associated with conditioned 
stimuli. When these elements have been identified and 
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understood, most conditioned physiological responses to 
drugs can be seen to conform to the conditioning para¬ 
digm developed by Pavlov. 

Part 2: Conditioned Behaviors 

A useful paradigm for the behavioral evaluation of con¬ 
ditioned drug effects is ► conditioned activity. Pickens 
and Crowder (1967) were among the first to report that 
environmental stimuli paired with the psychomotor- 
stimulant drug ► amphetamine produced conditioned 
locomotor activity in rats. In this paradigm, the CR is 
not a specific operant but rather a general increase in 
locomotion, rearing, and other related behaviors in the 
drug-associated environment. 

The procedure involves injecting animals with a drug 
and then placing them into a distinct environment for a 
period of time (e.g., 1 h). After several drug-environment 
pairings, experimental animals are injected with saline 
and again placed into the test environment. The animals 
that received drug-environment pairings are observed to 
be more active than control animals with a similar history 
of placement in the environment and a similar history of 
drug injections but without having received the drug in 
the test environment (Fig. 1). Therefore, the effect of 
increased activity in rats having received environment- 



Saline Unpaired Paired Saline Unpaired Paired 


Conditioned Drug Effects. Fig. 1. Locomotor activity (count 
per 60 min) typically observed during conditioning based on 
cocaine (10 mg/kg; left side ) and test of conditioned activity 
(right side). Three groups {n = 18 per group): saline controlled , 
unpaired (saline in conditioning environment; cocaine in 
homecage), paired (cocaine in conditioning environment- 
saline in homecage). ^Significantly greater than unpaired and 
saline groups by analysis of variance followed by pairwise 
comparisons, p< 0.05. 


drug pairings can be attributed to the association of 
environmental stimuli with the effects of the drug rather 
than a previous history of drug treatment. Conditioned 
activity has been demonstrated with a number of drugs 
including amphetamine, ► cocaine, ► nomifensine, 
(+)-4-propyl-9-hydroxynaphthoxazine (PHNO), quin- 
pirole, ► apomorphine, morphine, and etorphine. 

The conditioning procedure used in this paradigm is 
often referred to as Pavlovian, where the drug is the US, 
the distinctive environment is the CS, and the increased 
activity in response to the drug is the UR. Increased 
activity during the CS alone is the CR. In spite of this 
apparent similarity, some research has shown that the CR 
does not strongly resemble the UR as is usually assumed 
in Pavlovian conditioning. In particular, behaviors not 
manifested during the drug-conditioning phase have 
been reported on the drug-free test day. For example, 
rats that received the dopamine reuptake inhibitor nomi¬ 
fensine on conditioning days were observed to gnaw on 
the drug-free test day, but gnawing was never produced by 
the nomifensine. In another study, the pattern of cocaine- 
induced turning during the drug-free test day did not 
resemble the pattern of turning observed on conditioning 
days. Based on these reports, Martin-Iverson and Fawcett 
(1996) examined whether behaviors of rats placed in an 
environment previously paired with amphetamine or the 
direct dopamine D 2 -like receptor agonist PHNO, looked 
like the drug-induced behaviors. The authors found that 
out of the 11 behavioral measures increased by amphet¬ 
amine on conditioning days, only four were increased on 
the drug-free test day. The total duration of sniff, head 
movement, snout contact, and stand were significantly 
greater than that of control animals. Furthermore, rearing 
behavior was increased on the drug-free test day but this 
was not so during conditioning. The authors argued that 
some of the behaviors observed during the test session 
represented an increase in scanning of the test environ¬ 
ment as a result of a change in that environment due to 
the absence of the drug cue. The drug-free day may alter 
the affective state of the animal by removing an antici¬ 
pated rewarding stimulus; this in turn, might lead to a 
frustrative affective state that is behaviorally activating. 
Similar differences in behaviors observed during condi¬ 
tioning and test sessions were seen when PHNO was the 
drug used for conditioning. Out of 19 behaviors increased 
by PHNO during conditioning only three were signi¬ 
ficantly increased when compared with control rats in 
the test. Thus, behaviors evoked by an environment pre¬ 
viously paired with either amphetamine or PHNO are not 
always the same as those produced by the drugs used for 
conditioning. 
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Ahmed et al. (1998) tested whether three variables 
known to affect the acquisition of Pavlovian conditioning 
would interfere with conditioned activity using amphet¬ 
amine. The authors examined sensitivity to CS-US 
temporal order, to unsignaled occurrences of the drug 
US between CS-US pairing trials and CS-alone test, and 
to the US preexposure effect. With respect to the first, the 
acquisition of a Pavlovian CR is abolished if the US is 
presented simultaneously or before the CS. In the case of 
conditioned activity however, a 25 or 50 min drug US-CS 
delay during the six pairing sessions had no significant 
effect. Second, in Pavlovian conditioning, unpaired pre¬ 
sentations of a US alone between CS-US pairings lead to a 
diminished CR in the test. Conditioned activity was not 
influenced by the number of unsignaled amphetamine 
injections given between the pairings of the CS and the 
drug US. Third, according to Pavlovian conditioning, pre¬ 
exposing the animal to the US alone usually has a detri¬ 
mental effect on the acquisition of a CR. However, the 
acquisition of conditioned activity was not influenced by 
10 days of preexposure to amphetamine prior to CS-US 
conditioning. Therefore, research argues that conditioned 
activity based on drug stimuli is not controlled by the 
same variables that control Pavlovian conditioning. 

It has been suggested that conditioned activity can 
be understood as involving ► reward-related incentive 
learning (Beninger 1983; Beninger and Olmstead 2000). 
In this view, the environment paired with the rewarding 
properties of the drug acquires an increased ability to 
elicit approach and other responses during conditioning 
that manifests as a conditioned activity during testing. All 
drugs that elicit conditioned activity share a common 
feature: they all exhibit facilitative effect on the ► meso- 
telencephalic dopamine reward system especially in the 
striatal regions of the mammalian brain. Further, it has 
been shown consistently that conditioned activity does 
not develop if dopamine function is blocked during con¬ 
ditioning. Drugs that block dopamine transmission at 
D x - and/or D 2 -like receptors block the acquisition of 
conditioned activity. Classical Pavlovian learning has 
been shown to be relatively independent of dopamine; 
e.g., animals are able to learn CS-US associations under 
the influence of dopamine receptor blocking drugs. When 
the dopamine receptor blocker ► pimozide was 
administered during tone-food pairings, learning of the 
stimulus-stimulus associations was not blocked but the 
tone failed to acquire incentive motivational properties 
and consequently, could not be used as a conditioned 
reinforcer to control instrumental responding. 

Another conditioned behavioral phenomenon that 
involves reward-related incentive learning, although in 


the opposite direction, is ► context-dependent catalepsy. 
Unlike conditioned activity that depends on enhanced 
dopamine transmission in the striatum, conditioned cat¬ 
alepsy depends on the lack of dopamine transmission in 
striatal regions. In one version of this paradigm rats were 
treated with a low dose of ► haloperidol, a dopamine 
D 2 -like receptor blocker, for 8 days. Paired rats were injected 
with haloperidol 1 h before being tested for catalepsy and 
were injected with saline 30 min after the test. Unpaired rats 
were injected with saline 1 h before the catalepsy test and 
then with haloperidol 30 min post test. Control rats received 
saline 1 h before and 30 min after the test. The dose of 
haloperidol did not produce catalepsy on the first session; 
however, a day-to-day increase in catalepsy was observed 
from day 1 to day 8. On day 9, paired rats were administered 
saline only and showed context-induced catalepsy in the 
environment previously paired with haloperidol. The un¬ 
paired group did not differ from saline control rats, thus 
history of haloperidol injections alone could not account 
for this effect. Conditioned catalepsy shares a number of 
characteristics with conditioned activity; however, the net 
effect is not an enhanced activity in the conditioned envi¬ 
ronment but a decrease in the locomotor output (Schmidt 
and Beninger 2006). 

In the conditioned catalepsy studies, a day-to-day 
► sensitization to haloperidol was also seen. This is simi¬ 
lar but opposite in direction to the augmentation of 
behavior observed with repeated administration of 
psychostimulant or opiate drugs. The context in which 
the drug is expected facilitates the expression of sensitiza¬ 
tion to the effects of both haloperidol and stimulant 
drugs. Normally, this context-dependency is extinguish- 
able by repeated exposure to the test environment without 
the drug. However, retesting animals with haloperidol 
following extinction resulted in a slight but significant 
cataleptic response in the paired group and not in the 
unpaired group. This suggested that haloperidol itself may 
act as an interoceptive cue that was conditioned along 
with the environment. Thus, sensitization might involve 
two separate learning components: first, a context- 
conditioned component that is not expressed following 
extinction and second, an interoceptive cue-related com¬ 
ponent that had become associated with the conditioning 
environment and was not weakened by exposures to that 
environment while in a drug-free state. 

The development of sensitization has been shown to 
depend on the dopamine activity in the ► ventral tegmen¬ 
tal area (VTA) and ► nucleus accumbens. This enhance¬ 
ment is also glutamate dependent. Studies using the 
glutamate IV-methyl-D-aspartate receptor antagonist 
MK-801 have shown that glutamatergic input to the 
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dopamine system is vital for context-induced sensitiza¬ 
tion. Environment-dependent sensitization may also be 
considered to result from dopamine-mediated incentive 
learning. In the case of psychostimulants or opiate drugs, 
dopamine released in the striatum may lead to enhanced 
motor responses to stimuli associated with that drug. This 
is observed as enhanced behavioral responses to these 
drugs over repeated conditioning days. In the case of 
dopamine deficiency produced by haloperidol an antire¬ 
ward signal may lead to attenuated future responding in 
the presence of stimuli associated with that drug. This 
would produce a decline in motor responses to the drug 
with repeated testing. Dopamine can be viewed as a mod¬ 
ulator where too much dopamine produces a test-to-test 
increase in behavior and too little dopamine produces a 
test-to-test decrease in behavior. 

In summary, some drugs produce reliable increases or 
decreases in general locomotor activity, and research has 
shown that the stimuli associated with the drug state 
acquire the ability themselves to elicit increases or 
decreases in general locomotor activity similar to those 
elicited by the drugs. This phenomenon of conditioned 
activity or conditioned catalepsy has the appearance of 
Pavlovian conditioning, the drug being the US, the change 
in locomotor activity the UR, the environment associated 
with the drug the CS, and the motor response in that 
environment in the absence of the drug the CR. However, 
Pavlovian conditioning originally involved physiological 
reflexes that were shown to be affected in predictable ways 
by parametric manipulations. Studies have shown that 
when instrumental-type responses are conditioned they 
are not similarly affected by these manipulations. In addi¬ 
tion, conditional responses to drug-related stimuli were 
shown to differ from the URs produced by those stimuli. 
The ability of many drugs to produce conditioned beha¬ 
viors depends on mesotelencephalic dopamine reward 
systems, and likewise, conditioned activity can be under¬ 
stood as an example of reward-related incentive learning. 
Thus, stimuli associated with activation of dopamine 
neurons acquire the ability to elicit approach and other 
responses manifested as a conditioned activity. 

General Conclusion 

• Drugs can produce physiological or behavioral effects. 
Physiological effects can result from a direct action of 
the drugs on the CNS or from direct actions of the 
drug on a peripheral effector. In the latter case, the 
response of the effector may influence the CNS. The 
effects of drugs on the CNS can become conditioned 
to stimuli associated with the drug state so that those 


stimuli can elicit the drug-like effect in the absence 
of the drug stimulus. In the case of drugs that act 
directly on the CNS, the CR will mimic the uncondi¬ 
tioned effect of the drug; in the case of drugs that act 
indirectly on the CNS, the CR may be opposite in 
direction to the UR. Conditioned physiological effects 
or reflexes conform to the Pavlovian conditioning 
paradigm. 

• Drugs can also produce changes in instrumental-type 
behaviors such as locomotor activity. Stimuli associated 
with the drug state acquire the ability to elicit behaviors 
like those produced by the drug. Although the phenom¬ 
ena resembles Pavlovian conditioning, studies have 
shown that conditioned activity changes do not con¬ 
form to a number of parametric manipulations that 
reliably affect conditioned physiological effects or 
reflexes. Conditioned activity maybe better understood 
as an example of reward-related incentive learning. 

• Drug placebo effects may provide a common example 
of conditioned drug effects. For example, in ► Parkin- 
son’s disease placebo effects are well documented. 
When a patient believes she is receiving medication 
even though she is not, there is a notable benefit. This 
can be understood as a conditioned drug effect where 
the stimuli associated with anti-Parkinsons medica¬ 
tion acquire the ability to produce a response like that 
produced by the drug itself. From observation like these 
it has been suggested that nondrug placebo administra¬ 
tion may be used periodically to good effect in some 
treatment regiments. 

• The study of conditioned drug effects remains an 
active area of research in behavioral neuroscience. As 
the mechanisms of ► neuronal plasticity underlying 
learning and memory continue to be unveiled, they 
will be recruited to the further understanding of the 
mechanisms underlying conditioned drug effects. 
This knowledge will enhance our ability to maximize 
the therapeutic use of drugs with a more complete 
understanding of their combined unconditioned and 
conditioned effects. 

Cross-References 

► Behavioral Tolerance 

► Classical (Pavlovian) Conditioning 

► Delayed Onset of Drug Effects 

► Motor Activity and Stereotypy 

► Opioid Drug 

► Placebo Effect 

► Psychomotor Stimulant Drug 

► Sensitization to Drugs 
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a state of fear (i.e., the conditioned response). Sometimes, 
the fear response is conditioned to specific features of the 
setting or the context in which the stimulus was presented 
(i.e., the contextual stimuli). Conditioned fear provides a 
critical survival function, which activates a range of de¬ 
fensive behaviors that protect the animal against poten¬ 
tially dangerous environmental threats. 

Cross-References 

► Classical (Pavlovian) Conditioning 


Conditioned Flavor Preferences 

► Conditioned Taste Preferences 


Conditioned Freezing 

► Pavlovian Fear Conditioning 
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Conditioned Emotional Response 

► Pavlovian Fear Conditioning 

► Punishment Procedures 


Conditioned Fear 

Synonyms 

Fear conditioning 

Definition 

Conditioned fear is a state of fear (or anxiety) that 
occurs in animals after a few pairings of a threatening 
stimulus with a formally neutral stimulus using a classical 
(Pavlovian) conditioning procedure. For example, in ex¬ 
perimental animals, when a tone (i.e., the conditioned 
stimulus) is paired with the occurrence of a mild foot- 
shock (i.e., the unconditioned stimulus), after a few pair¬ 
ing, the presentation of the tone alone is sufficient to elicit 


► Conditioned Inhibitor 


Conditioned Inhibitor 

Synonyms 

Conditioned inhibition 

Definition 

The classic example of Pavlovian (classical) conditioning 
is that of one stimulus such as a buzzer signaling the 
occurrence of some other stimulus like meat powder 
(i.e., unconditioned stimulus or US). With repeated par¬ 
ings, the buzzer or conditioned stimulus (CS) in this 
situation acquires the ability to excite a response (e.g., 
salivation) and, hence, is sometimes referred to as a 
conditioned excitor. In contrast, a CS can also signal the 
absence or nonoccurrence of the US. In this case, the CS 
may be called a conditioned inhibitor. Conditioned inhi¬ 
bition is often conceptualized as a directly opposing pro¬ 
cess to conditioned excitation. In fact, the two primary 
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tests for conditioned inhibition, summation and retarda¬ 
tion of acquisition tests, are based on this assumption. 

Cross-References 

► Blocking, Overshadowing, and Related Concepts 

► Classical (Pavlovian) Conditioning 

► Occasion Setting With Drugs 

► Pavlovian fear conditioning 


Conditioned Locomotion 

► Conditioned Activity 


Conditioned Locomotor Activity 

► Conditioned Activity 


Conditioned Place Preference and 
Aversion 

Thomas M. Tzschentke 

Grunenthal GmbH, Department of Pharmacology, 
Preclinical Research and Development, Aachen, Germany 

Synonyms 

Place conditioning 

Definition 

Conditioned place preference (CPP)/conditioned place 
aversion (CPA) is a behavioral paradigm largely based 
on principles of ► classical (Pavlovian) conditioning. 
For conditioning, a distinct set of environmental cues is 
explicitly paired with a particular drug or nondrug treat¬ 
ment, and a distinctly different set of environmental cues 
is paired with a control treatment. Most commonly, treat¬ 
ment and control pairings are repeated several times, usu¬ 
ally once per day. Over the course of conditioning, the 
rewarding or aversive treatment effects will become asso¬ 
ciated with the particular set of cues paired with the treat¬ 
ment, such that in a post-conditioning test trial, these cues 
will elicit approach (when the treatment had rewarding 
effects) or avoidance (when the treatment had aversive 



Conditioned Place Preference and Aversion. Fig. 1. 

Common design of a conditioning apparatus (top panel) and 
illustration of the conditioning principle: one compartment 
is paired with vehicle administration (middle panel), and one 
compartment is paired with drug administration 
(bottom panel). Rat cartoon by Axel Strobl. 

effects), resulting in a conditioned preference or aversion 
for the treatment-paired environment (or “place”) (Fig. 1). 

Principles and Role in Psychopharmacology 

CPP/CPA is among the most widely used behavioral 
pharmacological models to assess the rewarding or aver¬ 
sive effects of drugs or nondrug treatments (Tzschentke 
1998, 2007). The consideration of drug effects is closely 
related to the issue of validity of the model, in particular, 
► predictive validity, which describes to what extent the 
effects of a drug seen in an animal model can predict 
the effect of the drug in healthy humans or in a human 
disease condition. Under this perspective, the CPP/CPA 
model is very frequently used in the context of ► abuse 
liability evaluation of known and novel drugs (Buccafusco 
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2001; Willner 1991). Over the past decade, place condi¬ 
tioning has also become one of the standard procedures 
for the behavioral phenotyping of ► genetically modified 
animals (Tzschentke 2007). 

Virtually all classes of psychoactive drugs and drugs 
acting on the central nervous system have been evaluated 
in the CPP/CPA paradigm. Overall, the predictive validity 
of the model has been found to be very good, with some 
exceptions, as a few false-positive effects (i.e., CPP despite 
demonstrated lack of abuse potential), as well as false¬ 
negative effects (i.e., lack of CPP despite abuse in humans) 
were found. While these discrepancies may be related to 
genuine species differences, procedural aspects may also 
play an important role. 

Advantages and Disadvantages of the Model 

There are a number of features that make place condition¬ 
ing a very useful and very versatile model. One of the 
major advantages, in particular, as compared to ► oper¬ 
ant conditioning paradigms, is that drug-induced side 
effects cannot interfere with the expression of behavior 
during the test session, since the test session is conducted 
in the drug-free state. In other words, the effects of a drug 
(during conditioning) are assessed in the absence of the 
drug, i.e., sedative, ataxic, stimulatory, or other side 
effects do not affect the outcome of the test session. 

A further advantage, in particular, as compared to 
operant intravenous self-administration paradigms, is 
that the outcome is bidirectional, i.e., rewarding as well 
as aversive effects can be measured within one single 
experiment, resulting in CPP or CPA, respectively. This 
feature is particularly useful when new drugs with un¬ 
known motivational effects are tested, or when a large 
dose range of a drug is evaluated (often, low-to-moderate 
doses can produce rewarding effects, whereas high doses 
result in aversive effects due to side effects). Another 
distinguishing advantageous feature of place conditioning 
is that nondrug rewards or punishers can be studied, such 
as foods and liquids, social or sexual interaction, electric 
footshocks, states of pain, states of ► withdrawal, etc. 

Finally, the technical requirements to do CPP/CPA 
studies can be reduced to a minimum. Although most 
commonly, location and locomotor activity are monito¬ 
red by computer-controlled infrared light beams or a 
video-tracking system, a simple wooden or plastic box 
and a patient observer is all that is needed to run experi¬ 
ments and to generate valid data. 

Despite these advantages, there are also a number of 
disadvantages to the model that can limit its usefulness, or 
that at least prevents an unreflected use of the model and/ 
or interpretation of data. 


More often than not, no clear dose-response relations 
are observed in place conditioning. Often, an all-or-nothing 
effect is observed, with a threshold dose above which CPP/ 
CPA is observed, albeit not with a dose-dependent in¬ 
crease in effect magnitude. This also means that effect 
size is not a good measure of the efficacy of a drug to 
produce rewarding or aversive effects. In the absence of 
dose-dependent effects, the potency of a drug can be best 
determined from the threshold dose for CPP/CPA, and 
this can be used to compare different drugs. Nevertheless, 
overall, place conditioning is not a very quantitative 
model and is not well suited to compare the potency, 
and, in particular, the efficacy of drugs to produce reward¬ 
ing or aversive effects. The data generated with this model 
have a more qualitative than quantitative character. 

Furthermore, care has to be taken that the experimen¬ 
tal parameters are adjusted to match the particular prop¬ 
erties of the drug under investigation. Otherwise, the 
model is prone to false-negative results. In particular, 
since conditioning depends on the close temporal pairing 
of rewarding/aversive drug effects with the environmental 
cues, it is important that the temporal contingencies of 
drug-cue pairing are appropriate for the pharmacokinetic 
properties of the drug under investigation. 

Finally, the field of place conditioning is suffering from 
the fact that there is a very small degree of standardization of 
experimental parameters across laboratories. The use of bi¬ 
ased or unbiased designs (referring to the use of conditioning 
apparatuses, in which animals do or do not show, respective¬ 
ly, an unconditioned preference for one of the compart¬ 
ments), different numbers and designs of conditioning 
compartments, number and duration of conditioning ses¬ 
sions, duration of test sessions, number of preconditioning 
(habituation) sessions, delay between drug administration 
and conditioning session, and different statistical methods to 
analyze the data (comparison vs. vehicle compartment or vs. 
pretest; pairwise f-tests vs. analysis of variance (ANOVA) 
across all groups; raw data vs. transformed data scores), 
all make comparisons of data across laboratories almost 
impossible, since at least one of these important para¬ 
meters is always different between individual studies from 
different labs. 

See Carr et al. (1989) and Bardo et al. (1995) for 
review of the issues mentioned in this section. 

Procedural/Methodological Aspects to Consider 

State-dependency: ► State-dependent learning or state- 
dependent retrieval, refers to the fact that information 
or a behavioral response that has been learned or acquired 
while the subject was in a certain (drug-induced) state can 
only (or at least better) be retrieved or reproduced when 
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the subject is in that same state, but not when in a 
different state (e.g., in an undrugged state). The potential 
influence of state-dependency effects on the outcome of 
place conditioning experiments is obvious, as animals 
are conditioned in a certain (drugged) state, but are 
usually tested for CPP or CPA in an undrugged state. 
To control this potential caveat, one can include an 
additional test session in the experimental protocol, 
during which the animals are tested after administration 
of the conditioning drug. 

Choice of comparator: In by far the most place condi¬ 
tioning studies, the treatment under investigation is com¬ 
pared with an appropriate vehicle treatment (i.e., drug is 
paired with one compartment, and vehicle is paired with 
the other compartment), yielding information about a 
treatment’s “absolute” rewarding or aversive effects. How¬ 
ever, place conditioning can be more versatile than this. 
The effects of one drug can be directly compared with 
those of another drug (by pairing one drug with one 
compartment and the other drug with the other compart¬ 
ment); likewise, two doses of the same drug can be 
compared with each other. This approach, which is very 
rarely used, yields information about the “relative” re¬ 
warding or aversive effects of two treatments. 

Latent inhibition and within-session extinction: 
► Latent inhibition refers to the phenomenon that if a 
subject is exposed to a to-be-conditioned stimulus in the 
absence of the unconditioned stimulus, the subsequent 
formation of an association between unconditioned and 
conditioned stimulus is impaired. Applied to the CPP/ 
CPA paradigm, this means that exposure of the animal to 
the conditioning environment without drug administra¬ 
tion will impair subsequent formation of CPP/CPA. This 
issue is of relevance, since a place conditioning experi¬ 
ment almost always involves preconditioning ► habitua¬ 
tion exposures of the animals to the conditioning 
apparatus. The number and duration of these preexpo¬ 
sures needs to balance maximal habituation (i.e., long 
preexposure) and minimal latent inhibition (i.e., short 
preexposure). Establishing the optimum amount of pre¬ 
exposure should be part of the model establishment and 
validation procedures. 

Classical conditioning depends on the temporal asso¬ 
ciation between the unconditioned and the conditioned 
stimulus. Applied to the CPP/CPA paradigm, this means 
that exposure of the animal to the conditioning environ¬ 
ment has to coincide with the experience of the drug 
effect. Thus, the timing and duration of conditioning 
must be appropriate for the ► pharmacokinetics of the 
drug under investigation. If a drug has very rapid kinetics 
(fast onset and short duration of action), the conditioning 
sessions need to commence directly after drug 


administration and be of short duration. Otherwise, the 
animal could experience the conditioning environment in 
the absence of any drug effect late in the conditioning 
session, resulting in within-session extinction. On the 
other hand, if a drug has very slow kinetics (in particular, 
late onset of action), there needs to be an appropriate 
delay between drug administration and commencement 
of conditioning session. Otherwise, the animal would 
experience the conditioning environment in the absence 
of any drug effect early in the conditioning session, result¬ 
ing in a latent inhibition effect, or the experience of drug 
effect may be missed altogether during the conditioning 
session. 

See Tzschentke (1998) for review of the issues men¬ 
tioned in this section. 

Recent Developments 

Place conditioning is most commonly used, past and 
present, to study the rewarding/aversive effects of a drug 
(applied systemically or intracranially), or of drug combi¬ 
nations. More recently, the paradigm has become a stan¬ 
dard procedure in the characterization of knockout and 
otherwise genetically modified mice. 

However, beside these straightforward uses, the para¬ 
digm is also increasingly used to study more complex 
phenomena. For example, place conditioning can be 
used to study the development of ► sensitization or toler¬ 
ance to rewarding effects of drugs upon repeated admin¬ 
istration. Besides being an interesting scientific issue in its 
own right, it bears particular relevance to the question of 
to what extent early drug exposure (e.g., in childhood or 
adolescence) would affect the response to drugs later in 
life. To this end, animals can be treated acutely or repeat¬ 
edly at one point and subjected to a place conditioning 
experiment at a later point in their life. This approach 
has been used, for example, to study the impact of treat¬ 
ment of juvenile or adolescent rats with ► methylpheni- 
date (a psychostimulant drug, used to treat children 
with ► attention-deficit hyperactivity disorder) on the 
response to drugs later in life (as there is a continuing 
concern that methylphenidate treatment in childhood 
could predispose the individuals to increased risk of 
addictive behaviors later in life). 

Another approach that has been developed and used 
with increasing frequency in the context of place condi¬ 
tioning is the study of extinction and ► reinstatement 
phenomena. This has most commonly been studied 
in operant intravenous self-administration paradigms 
(Epstein et al. 2006), and only the last decade has seen a 
strong increase in the number of studies addressing these 
issues by means of place conditioning. Although the 
operant behavior may be more robust and more easily 
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quantifiable, the place conditioning approach also has cer¬ 
tain advantages. It is technically much easier - experiments 
often involve protracted extinction and withdrawal periods 
prior to the reinstatement sessions, and it can be challeng¬ 
ing to keep intravenous catheters patent for such long 
periods. Furthermore, the classical conditioning approach 
may have better face validity for human addiction than the 
operant conditioning approach, since withdrawal, absti¬ 
nence, and confrontation with drug-predictive cues (that 
can lead to relapse in abstinent addicts) are normally not 
contingent upon the addict’s behavior, and are more closely 
matched by classically conditioned cues. 

Apart from the issue of reinstatement, extinction, and, 
in particular, the time to or resistance to extinction may 
be an additional useful readout in place conditioning 
studies. As mentioned previously, place conditioning usu¬ 
ally is not a very quantitative method, and it is difficult to 
directly compare the rewarding/aversive efficacy of two or 
more treatments (either different doses of the same drug 
or given doses of different drugs). Analyzing the number 
of test sessions needed until the conditioned effect has 
undergone extinction may offer an additional, more 
quantitative readout, in that, within limits, the resistance 
to extinction is related to the “strength” of conditioning, 
which, in turn, is related to the magnitude of the uncon¬ 
ditioned stimulus, i.e., the drug dose. 

Finally, the place conditioning approach is increasingly 
used to study the emotional component of pain. Pain 
research is, in large part, focused on the study of evoked 
pain reactions. While this may be appropriate for certain 
kinds of pain in humans, spontaneous or continuous pain 
(i.e., not evoked by a particular external stimulus) cannot 
be studied by the traditional methods. Likewise, the tradi¬ 
tional methods cover only the sensory aspects of pain, but 
cannot access the adverse emotional dimension of pain, 
which, for pain patients is often more troublesome than the 
sensory pain experience. Several interesting findings have 
been reported, combining pain models with place condi¬ 
tioning. For example, in animals that are in a state of pain 
(acute or chronic), the dose-response curve of morphine to 
produce CPP is shifted to the right, i.e., larger doses are 
needed to produce a rewarding effect. In other words, pain 
reduces the rewarding effects of an opioid. This finding 
corresponds well with the clinical observation that abuse 
of, and addiction to ► opioids in patients receiving them 
for pain relief is only rarely observed. 

Like other unpleasant stimuli, acute and chronic pain 
can produce a conditioned aversion for a pain-associated 
context, i.e., a CPA. This CPA is likely due to the negative 
emotional component of pain. Interestingly, opioids are 
highly potent in abolishing this pain-induced CPA, and 
they do so at doses that are neither rewarding by 


themselves nor have an analgesic effect in a standard 
pain model. This means that the abolition of CPA is not 
simply due to a summation of an aversive pain effect and a 
rewarding drug effect, or to a blockade of the sensory pain 
experience, but is likely due to a selective inhibition of the 
aversive component of pain. This again corresponds with 
clinical observations that when pain patients are treated 
with low doses of an opioid, they may still have the 
sensory experience of pain, but this experience is no 
longer aversive, i.e., they feel the pain but they do not 
care about it anymore. 

See Tzschentke (2007) for review of the issues men¬ 
tioned in this section. 

Outlook 

Place conditioning is a long and well established model. In 
most laboratories, it is used in its “basic” form to test for 
rewarding or aversive effects of drugs or drug combina¬ 
tions. Nevertheless, new and innovative applications of 
the model, as described in this essay, continue to be 
explored, and it can be expected that new ideas and 
applications continue to be developed in the future. Like¬ 
wise, the more procedural and theoretical aspects of the 
model are also still being explored (see e.g., Groblewski 
et al. 2008). This will lead to a better knowledge about the 
model and its implications and will likely further enhance 
the usefulness and validity of the model. 
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Conditioned Reinforcers 

Synonyms 

Secondary reinforcer 

Definition 

Conditioning is a learning process by which the function of 
a stimulus event is altered through repeated pairing with 
other stimuli. A conditioned reinforcer is a previously neu¬ 
tral stimulus that functions as a reinforcer after repeated 
pairings with a primary reinforcer. 

Cross-References 

► Conditioned Drug Effects 


Conditioned Response 

Synonyms 

CR 

Definition 

A defensive response related, the UR, because of pairing of 
the CS and US. 


Conditioned Stimulus 

Synonyms 

CS 

Definition 

An initially neutral cue that comes to elicit a response (the 
conditioned response) because of its pairing with an un¬ 
conditioned stimulus that has the ability to produce the 
response. 


Conditioned Taste Aversions 

Stephen J. Kohut 1 , Anthony L. Riley 2 
Psychobiology Section, Medications Discovery Research 
Branch, National Institute on Drug Abuse, Baltimore, 
Maryland, USA 

department of Psychology, American University, 
Washington, DC, USA 

Synonyms 

Conditioned taste avoidance; Taste aversion learning 

Definition 

Conditioned taste aversion (CTA) refers to a learning 
phenomenon in which the pairing of a taste with the 
effects of a drug results in the subsequent avoidance of 
that taste. The robust nature of CTA, induced by a variety 
of drugs belonging to a wide range of pharmacological 
classes, has made aversion learning a sensitive and widely 
used index of a drug’s aversive effects. 

Impact of Psychoactive Drugs 

The phenomenon of CTA learning emerged from studies 
on radiation toxicity when Garcia et al. (1955) presented 
rats with access to a distinct saccharin solution that was 
then paired with exposure to radiation (for a historical 
perspective, see Freeman and Riley 2008). Although the 
initial preference for saccharin-flavored water was much 
greater than unflavored water (86% preference for saccha¬ 
rin), pairing the taste with radiation produced a dramatic 
decrease in saccharin preference relative to the initial 
baseline and to sham-irradiated controls (or subjects irra¬ 
diated, but that had not received access to saccharin). This 
decrease was sufficiently robust enough to persist for 
almost 30 days post irradiation despite continuous and 
free access to the radiation-associated solution. Garcia 
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et al. (1955) went on to suggest that it was the nausea- 
inducing effects of the radiation that were responsible for 
the decrease in saccharin consumption. That is, the gas¬ 
trointestinal disturbance brought on by the radiation had 
become associated with the taste of the saccharin solution, 
resulting in the animal’s avoidance of the solution on its 
subsequent presentation (i.e., a ► classical conditioned 
taste aversion). In addition to being robust (and as 
revealed in follow-up research with radiation and classical 
emetics), CTA learning is acquired rapidly (usually taking 
very few pairings, and in some instances, only a single 
pairing), occurs with ► long delays between consumption 
and the onset of illness, and is established selectively to 
gustatory stimuli, i.e., non-gustatory cues are only weakly 
associated with illness. This avoidance has been suggested 
to be an evolutionarily significant response to ingestion of 
foods that could be potentially toxic to the animal. Thus, 
the ability of an animal to quickly (and selectively) 

► associate ingestion of specific foods or tastes (likely 
sources of natural toxins) with disruption to its internal 
milieu could be thought of as a protective factor against 
accumulating dangerous or fatal amounts of a toxin due 
to overconsumption. Later studies showed that a wide 
number of compounds, many of which were considered 
to be toxins, produced a CTA, and often at doses lower 
than those shown effective in other measures of ► drug 
toxicity, suggesting that the CTA design may provide a 
sensitive measure to assess drug toxicity. 

Although based on toxicology, CTA learning was not 
limited to classical emetics (see bibliographic database 
www.ctalearning.com). In fact, drugs such as ► alcohol, 

► morphine, and ► cocaine that are abused by humans 
are also effective at inducing CTAs, leading some to clas¬ 
sify this phenomenon as “ ► paradoxical” in that drugs of 
abuse are typically considered to be reinforcing stimuli 
(Hunt and Amit 1987). In this context, the issue becomes 
how drugs that produce an approach response in main¬ 
taining ► self-administration also produce the avoidance 
seen in CTA. Drugs that are abused by humans have been 
shown to produce multiple stimulus effects in the user. 
Rather than being reported as only rewarding or aversive, 
drugs of abuse typically produce an array of effects that 
combine to produce an overall drug experience. Preclini- 
cal, as well as some clinical, evidence provides support 
for these multiple stimulus effects. For example, animals 
will bar-press for an injection of a drug, but they will 
avoid a saccharin solution that is paired with the same 
self-injection. In a runway model of self-administration, 
animals will increase the speed with which they run to a 
goal box for an injection of a drug, but then hesitate prior 
to entering the goal box, suggesting concurrent rewarding 


(increased running speed) and aversive (hesitation) drug 
effects. Finally, individual animals display both an ap¬ 
proach and avoidance response to stimuli paired with a 
drug injection such that they spend more time in an 
environment that is paired with drug effects, but at the 
same time avoid a sweet solution paired with that same 
drug. Interestingly, in humans, both rewarding and aver¬ 
sive effects have been reported for opiates, as first time 
users report the subjective effect of heroin as a “good 
sick,” while cocaine users indicate a “rush” produced by 
the anxiogenic effects of the drug. Subjective ratings for 
specific drugs such as alcohol include not only positive 
ratings such as euphoria and relaxation, but also include 
negative ratings such as drowsiness, loss of motor coordi¬ 
nation, ► withdrawal (or hangover), etc. 

Although there is ample evidence that a complex array 
of effects are produced by drugs of abuse, it is important 
to view the “aversive” and “rewarding” properties of these 
drugs, not as a simple dichotomy (Hunt and Amit 1987) 
of drug effects, but rather as dynamic and interacting sets 
of effects that determine the abuse liability of a particular 
drug as well as the abuse potential for any individual. The 
likelihood of a drug becoming abused by an individual (or 
► abuse liability) then would be the result of the balance 
between the rewarding and aversive effects of the drug 
(see Fig. 1; see also Stolerman and D’Mello 1981). There 
are many environmental, genetic, individual, and phar¬ 
macological factors that can influence this vulnerability to 
addiction. The individual experience of a given drug will 
not be the same for all users, which would help to explain 
why only a small subset of the population which tries a 
drug continues its use, escalates its pattern of intake, or 
becomes addicted. 

Understanding which factors influence some indivi¬ 
duals (but not others) to become addicted has been a 
central issue in drug addiction research. One factor that 
seems to be crucial for continued drug-taking is the user’s 
initial response to the drug. In a population of drug 
addicts, Haertzen et al. (1983) found that the reinforcing 
quality of an individual’s first drug experience was related 
to its likelihood of subsequent use. This was true for a 
number of abused drugs, including alcohol, the opiates, 
and cocaine. Thus, users that reported having a greater 
euphoric or pleasant experience when taking the drug for 
the first time were more likely to continue taking that 
drug, making them more vulnerable to addiction. Con¬ 
versely, individuals who experienced negative or aversive 
effects of the drug on this initial exposure were less likely 
to try the drug again. This work suggests that some 
individuals may be more sensitive to the aversive effects 
produced by a drug, which apparently acts as a limiting or 
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Conditioned Taste Aversions. Fig. 1. The balance between 
the rewarding and aversive affective properties of a drug 
influences total drug intake. When a drug of abuse is 
administered at low doses, the subjective effects are primarily 
rewarding (green-dashed line), leading to dose-dependent 
increases in drug intake or self-administration (blue-solid line). 
However, as the dose of the drug increases, aversive drug 
effects (red-dotted line) begin to influence the amount of 
drug self-administered (in their balance with the drug's 
rewarding effects), leading to lower levels of overall intake. 
The intensity of the aversive effects experienced during initial 
drug use impacts the probability of future drug taking. 
Changes in the aversive effects (resulting from experience with 
the drug or specific characteristics of the individual) impact a 
user's likelihood of subsequent use or abuse of the drug. This is 
based on a conceptualization by Greg Busse (2004). 

protecting factor for continued use (Fig. 1). If this is the 
case, studying the various factors that can influence such 
aversive effects becomes just as important as studying the 
factors that can alter drug reward. CTA learning offers 
such a model in which the drug’s aversive effects become 
paired with a distinctive flavor. In this case, changes in 
consumption (reductions) index the drug’s aversive 
effects. The procedure also allows one to see how such 
effects vary with experimental manipulations and subject 
characteristics. 

As noted, a variety of factors affect the likelihood of 
drug use and abuse. Some are specific manipulations such 
as dose of the drug and frequency of its use, while other 
factors are more characteristic of the user. A subject charac¬ 
teristic that is widely considered to be important in drug 
addiction is genetic predisposition or ► pharmacogenetics. 
One way that the genetic influence on drug abuse has been 
studied in the laboratory is through the use of selected 
or ► inbred rat strains, or mouse lines as ► animal models 
of particular aspects of the disease. An animal model that 
has received considerable attention in drug abuse research 


in recent years is that of the ► Fischer (F344)/Lewis 
(► LEW) ► inbred rat strains which show diverse drug 
intake and responsivity patterns across a number of drug 
classes (a review of genetic effects on CTA in rodents can 
be found in Riley et al. 2009). One among the drugs for 
which these strains show marked differences is alcohol. 
During oral self-administration studies, the LEW strain 
consumes greater amounts of alcohol than the F344 
strain. However, it does not appear to be the case that 
the alcohol is more rewarding in LEW compared to F344, 
because both strains show comparable alcohol-induced 

► conditioned place preferences, a model of 

► conditioned drug effects sensitive to drug reward. In¬ 
stead, the differences in alcohol consumption appear to be 
rooted in a differential sensitivity to the aversive effects of 
the drug. Specifically, F344 rats show greater suppression 
of saccharin drinking (i.e., a stronger CTA) when saccha¬ 
rin is paired with a dose of alcohol than the LEW strain 
(see Fig. 2). That alcohol is reinforcing in F344 rats is 
evidenced by acquisition of alcohol self-administration, 
yet their failure to exhibit the levels of intake seen in the 
LEW strain may be due to the aversive effects of the drug 
serving as a limiting factor in overall intake. The relation 
of CTA to drug self-administration is also exemplified in 
correlational analyses of these behaviors in various mouse 
strains with similar results. Using a number of genetically 
distinct mouse lines, it has been shown that the degree of 
alcohol-induced CTA is related to overall levels of alcohol 
intake such that the mouse lines that consume high levels 
of alcohol display little or no CTAs when an alcohol 
injection is paired with saccharin intake. Those mouse 
lines that drink very little alcohol are the ones that show 
the greatest levels of alcohol-induced taste aversion con¬ 
ditioning. Interestingly, mice that show the greatest levels 
of CTA also show greater severity of alcohol withdrawal, 
suggesting an overall increased sensitivity to the aversive 
effects produced by alcohol. The oral self-administration 
of alcohol appears unrelated to the acquisition of alcohol- 
induced place preferences in these strains, suggesting that 
the differences in alcohol self-administration are 
mediated more by differences in alcohol aversion than 
alcohol reward. While we have chosen to focus on alcohol, 
parallel effects with the F344/LEW model, in particular, 
are evident with a diverse range of drug classes and in¬ 
clude compounds such as morphine, ► nicotine, and 
cocaine. Further, a variety of parameters other than 
strains, for example drug history, dose of the drug, route 
of administration, age, and sex have been shown to 
impact taste aversion learning (see Riley and Freeman 
2004) as well as drug self-administration (see Schuster 
and Thompson 1969) in related ways, suggesting 
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A Icohol - ind uce d CTA 


F344 LEW 



Conditioned Taste Aversions. Fig. 2. Dose effect of alcohol-induced conditioned taste aversions (CTA) in the Fischer (F344) 
and Lewis (LEW) rat strains. Both strains show dose-dependent reductions (from vehicle-treated rats) in saccharin consumption 
when alcohol (injected intraperitoneally) followed saccharin. However, the F344 strain displays a greater sensitivity to the 
aversive effects compared to the LEW strain. Interestingly, LEW rats consume greater amounts of an available alcohol solution 
(per body weight) than F344 rats, suggesting that the greater sensitivity to the aversive effects limits alcohol intake in the F344 
strain. Conversely, the LEW strain, which shows weak CTAs, may be more vulnerable to greater alcohol consumption because of 
their apparent insensitivity to its aversive effects. (Figure redrawn from Roma et al. 2006.) 


that the drug’s aversive effects limit drug intake in 
self-administration studies. More work is needed to fur¬ 
ther characterize how the avoidance response seen during 
CTA ultimately impacts drug self-administration. 

Although these animal models of genetic predisposi¬ 
tion to drug abuse are important in demonstrating the 
relationship between the aversive effects of drugs and 
drug intake and how various factors may influence 
these aversive effects, analogous findings in humans is 
essential for validation as a true model of the human 
condition. The clearest example of this comes from high 
prevalence rates of ► alcohol abuse and dependence in 
sons of alcoholic fathers. Through a genetic variation in 
enzymes important for alcohol metabolism, these indivi¬ 
duals are thought to be less sensitive (i.e., a biological 
predisposition for tolerance) to the aversive (or punish¬ 
ing) effects of alcohol (for a review of human CTAs to 
alcohol, see Baker and Cannon 1982). The decreased 
sensitivity to the behavioral (ataxia) and physiological 
(cortisol release, disruption to EEG patterns) responses 
to alcohol may be among the factors that limit intake in 
the normal population. Without the experience of the 
aversive alcohol effects, sons of alcoholics are more likely 
to exhibit patterns of heavy drinking. In a second exam¬ 
ple, a genetic enzymatic variation seen in the Asian popu¬ 
lation, which has a very low incidence of alcoholism, 
exacerbates the aversive effects of alcohol (via a failure 
to metabolize ► acetaldehyde), producing greater facial 
flushing and more reported subjective complaints. Such 
effects are seldom seen in Caucasians (who have a low 


frequency of this specific allele and a higher frequency of 
alcohol abuse). 

This relationship between the aversive effects of 
drugs and a risk for drug use and abuse seems to be 
important for the human user as it is in our animal 
models. CTA offers a procedure by which we can assess 
the aversive effects of a drug and how they might impact 
overall drug acceptability for an individual or group. 
Understanding the contribution of a drug’s aversive 
effects to drug intake and addiction vulnerability (as 
well as how these effects are impacted by the numerous 
factors known to affect drug self-administration) may 
give insight into the etiology of drug use and abuse and 
its potential treatment. 
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Synonyms 

Conditioned flavor preferences 

Definition 

Conditioned taste preferences refer to ► appetitive 
responses evoked by tastes associated with the effects of 
a drug manipulation. Taste preferences are best seen when 


a drug-paired taste is presented on a drinking test con¬ 
currently with a control taste not paired with the same 
drug manipulation; the conditioned taste preference is 
evidenced by a relative increase in the consumption of 
the paired taste. There are conditioned preferences for 
tastes paired with most self-administered drugs due to 
the conditioning that takes place during the training for 
self-administration. Taste preferences can also be pro¬ 
duced in experimentally naive rats without extensive 
training by pairing tastes with an injection of low doses 
of ► opioid analgesics or with the offset of drugs having 
acute aversive effects. Conditioned taste preferences help 
understand the interplay between initially aversive effects 
of drugs and incentive effects that characterize motivation 
for drugs in the dependent organism. They also provide 
an interdisciplinary model of ► drug cues. Taste stimuli 
and related oral stimulation are important for the intake, 
enjoyment, and quality of self-administered drugs that are 
drunk, chewed, or smoked. 

Current Concepts and State of Knowledge 

Conditioned taste preferences are formed by the pair¬ 
ing of a distinct taste with the motivational effect of 
a drug with ► abuse liability. This effect is variously re¬ 
ferred to as incentive, reinforcer, or reward. It is gener¬ 
ally believed that the preferences are due to the activity 
of the drugs in the reinforcement system in the brain 
(see ► Reinforcement Disorders) and that they underlie 
the ► self-Administration of drugs. It is further under¬ 
stood that these effects can also be transferred through the 
pairing to the paired stimulus such that the stimulus 
comes to elicit some of the effects of the reinforcers. 

The protocols used for studying conditioned taste pre¬ 
ferences fall within the general literature on ► conditioned 
drug effects. They constitute simple conditioning para¬ 
digms, which model features of the motivational pro¬ 
cesses underlying the addictive properties of drugs (see 
► Addictive Disorders: Animal Models). They are similar 
to the procedures of ► conditioned place preference and 
aversion and the same as those used to study ► condi¬ 
tioned taste aversions. Moreover, the latter two pro¬ 
cedures define the ► paradoxical effects of drugs; the 
conditioned taste preference phenomenon bridges the 
outcomes that give rise to this paradox. 

Unfortunately, drug-produced conditioned taste pre¬ 
ferences do not have a concentrated systematic body of 
data. The relevant findings are found over a wide range of 
parametric aspects of the phenomenon (protocols used, 
degrees of training, methods of applying the taste, nature, 
and forms of application of drugs used to train, species, 
age and developmental stage of subjects, purpose of the 
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studies). Studies on paradigms other than those for taste 
preference conditioning are also relevant. Taste prefer¬ 
ences have often been missed only because the designs 
and the methods were intended to detect the exact oppo¬ 
site effect. These are relevant for epistemological reasons 
and serve to indicate the voids and points of emphasis in 
the literature. Moreover, conditioned taste preferences 
likely occur for different reasons. Listed below are a few 
of the issues, which largely serve only to define the phe¬ 
nomenon. 

Conceptual Issues of a Taste Conditioning Produced 
by Drugs 

Conditioned taste preferences have been validated in dif¬ 
ferent ways using nondrug reinforcers. They are seen to 
previously neutral tastes paired on a small number of 
occasions with electrical brain-stimulation reward, with 
pleasant foods or with pleasant flavors. More commonly, 
conditioned preferences are found for flavors of a food and 
this can be enhanced by the deprivation of the nutrient. 

In the area of alcohol and drug dependence, the oral 
route is a historically old and simple method of drug 
application, and with few exceptions, oral drug applica¬ 
tion embodies taste stimuli that will undergo condition¬ 
ing. Even for smoking, the sensation in the mouth and 
throat is reported as important for the pleasure derived. 
The conditioning does not have to be strong, if it is 
considered that smoke intake occurs at least 10 times 
per cigarette. A middle-aged smoker on a pack a day for 
three decades would have in the order of 2 million pair¬ 
ings of oral stimulation and the effects of smoking. 

The self-administration procedure often requires ex¬ 
tensive and complex training (Meisch 2001; Stolerman 
and D’Mello 1981) and it is important that cues be avail¬ 
able to the organism. Tastes play an important role in the 
oral self-administration, since the swallowing of drugs is 
not pharmacologically efficient. The onset of the pharma¬ 
cological effect after oral drug application is generally 
slow and variable. Only little drug may reach the brain 
due to problems of absorption from the gut wall and high 
metabolism as the blood passes through the liver before 
being sent to the brain. Therefore, tastes of the drug are 
particularly important for signaling the reinforcing effects 
of the drug (Meisch 2001; Stolerman and D’Mello 1981). 
The paired taste would simply increase the probability 
that the fluid carrying the taste would be consumed. For 
example, the taste of a fluid can act as discriminative 
stimuli for further drinking. It ensures that drinking 
occurs and that it is the fluid containing the drug and 
not another fluid that is chosen and swallowed. The 
paired taste can also act as conditioned stimuli due to 


the pairing with the drug effects. After the taste is sam¬ 
pled, one could say that the paired taste keeps the organ¬ 
ism in its vicinity or “pulls” it back if it does leave. This is 
the generally the way drug cues are thought to maintain 
drug intake in drug consumers and to re-initiate high 
intake in abstinent individuals. 

However, it was originally found that the formation of 
taste preferences after pairing with psychotropic drugs 
would not occur without long-term exposure to the 
drug and to the taste. Solutions of drugs needed to pro¬ 
duce pharmacological effects usually have disturbing 
tastes. For example, both alcohol and morphine taste 
badly, by leaving a burning sensation on the tongue and 
by being bitter like the rind of a grapefruit, respectively. 
In addition, the rat is the preferred experimental animal 
for studying motivational processes and it is an omnivo¬ 
rous eater that does not consume any new foods or fluids 
without confirming that they are not toxic. Rats will 
avoid the taste of any newly ingested material associated 
with perceived changes in internal state, as it could be 
an indicator that the ingested substance has toxic effects 
(see ► conditioned taste aversions). As this might suggest, 
conditioned taste aversion is a very common effect seen 
on the initial dosing of most psychotropic drugs. Conse¬ 
quently, the conditioning of taste preferences has tra¬ 
ditionally received little attention in the drug-naive 
organism. 

The Traditional One-Choice Method for Studying 
Taste Conditioning 

The systematic study of conditioned taste preference in 
laboratory animals is closely related to the application of 
special conditioning protocols. In taste conditioning pro¬ 
cedures where conditioned aversion is the target of inter¬ 
est, the drug manipulation is usually paired with a single 
very palatable experimental solution. A high baseline of 
taste consumption under control conditions makes a 
condition taste preference difficult to observe and only a 
few significant effects have been reported (Gaiardi et al. 
1991; Mucha 1992). Appropriate would be the applica¬ 
tion of experimental tastes that do not show maximal 
consumption, thereby making it easier to demonstrate 
an increase in its consumption after pairing with a drug- 
related effect. Aside from some exceptions (e.g., Green 
and Garcia 1971) this has not been routinely used. Indi¬ 
rect evidence for the existence of a preference effect has 
also been suggested in the data of the one-taste condition¬ 
ing model by comparing the pattern of dose-response 
curves for taste conditioning produced by different 
drugs and to those of toxins. Thus, Hunt and Amit 
(1987) compared taste aversions to other acute responses 
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produced by drugs and concluded that a simple process 
of conditioned aversion could not account for all of the 
findings. 

A variation of a one-taste model where preferences do 
emerge involves ► drug taste preference conditioning (see 
► Alcohol Preference Tests). In the case of morphine taste 
preference conditioning, the development of a preference 
for the solution containing morphine can be made appar¬ 
ent against a baseline comprising a normal rejection of the 
aversive solution of morphine in subjects that do not have 
the pairing. However, the gradual consumption of a solu¬ 
tion that is unpalatable does not necessarily evidence the 
development of a preference for several reasons. For ex¬ 
ample, repeated exposure to tastes lead to habituation, 
sensitization, contrast effects, changes in food intake, and 
so on. Thirst develops under conditions of forced drink¬ 
ing of an aversive solution and this would counteract the 
aversion. These processes and the drinking will also inter¬ 
act with the acute drug effects. The actual treatment 
drug may produce, for example, general malaise 
and hyperactivity. Drug effects would also affect taste 
sensitivity, alter general motivational states, and produce 
sensory impairment, overshadowing stimuli, etc. In such 
a one-taste paradigm like these, confounds can only be 
dealt with by applying additional groups and control 
conditions (Mucha 1992; Stolerman and D’Mello 1981). 

An efficient solution to some of these problems is to 
offer the same test subject an alternate taste in a choice 
test. Much work on both conditioned aversion and 
conditioned preferences involve simply offering the test 
subjects a choice with water. For example, one can con¬ 
clude that a preference is present when taste that was 
previously strongly avoided is now preferred relative to 
the water (see ► alcohol preference tests). The overall 
levels of fluid consumption would control for nonspe¬ 
cific effects of the training drug on fluid regulation. 
Care is nevertheless needed to avoid biases due to the 
left or right position of the experimental test on choice 
tests (Stolerman and D’Mello 1981). The use of choice 
tests with a water choice is still not fully adequate. In the 
case of drug taste preference conditioning using morphine- 
containing fluids, the preference produced by morphine 
could only be interpreted when the morphine solution was 
substituted for a taste similar to the bitter taste of mor¬ 
phine (Stolerman and D’Mello 1981). 

The Two-Taste Test Paradigm and the Study of 
Experimentally Naive Rats 

The two-taste method is a differential two-stimulus clas¬ 
sical conditioning procedure. In this procedure, one taste 
is paired with the drug manipulation and a second taste is 


paired with a control manipulation. It provides robust 
within-subject control conditions and can be used to 
show subtle conditioned changes after only a few drug 
exposures (Mucha 1992). This method was first used to 
show a preference for a taste paired with a drug-related 
effect by Green and Garcia (1971). They paired a taste 
with the offset of the effect of a high dose of the ► dopa¬ 
mine agonist, ► apomorphine. The direct effect of the 
dosing induced illness: the same rats showed a taste aver¬ 
sion to a different taste presented just before the same 
injection. The conditioned preference was referred to as a 
“medicinaF’ effect of the offset of the emetic. Such a 
medicinal effect was also noted when the effects of nico¬ 
tine infusions were blocked with a nicotine antagonist. 

The use of two taste cues for discriminated condition¬ 
ing procedures was largely developed over the course of 
work on the aversive effects of psychoactive substances 
(e.g., ► morphine, ► psychostimulants, and opioid ago¬ 
nists) during neuropharmacological studies at the Univer¬ 
sity of Birmingham (UK) by David Booth, Charles 
Pilcher, Ian Stolerman, and others. However, the appeti¬ 
tive responses of tastes paired acutely with drugs only 
became apparent later when the procedure was applied 
to study low doses of sufentanil and fentanyl, two highly 
potent opioids (reviewed by Stolerman 1985). 

In Fig. 1, there are taste preferences seen with adult 
rats in a two-taste conditioned preference procedure. 
There is a biphasic effect of dose with a preference effect 
seen at lower doses and aversion at higher doses. Thus, 
after a phase of adaptation to a water-deprivation sched¬ 
ule, rats were allowed to consume a target taste. This taste 
was paired shortly after using a subcutaneous injection of 
one of a range of doses of a test drug. The drug comprised 
one of three opioid analgesics (see Fig. 1). On another 
occasion, the same rats also received a second taste paired 
with a control manipulation (saline injection). The exper¬ 
imental and control pairings were repeated each day over 
3 days. On a subsequent day each rat was then tested by 
offering the two tastes simultaneously for 24 h. Morphine 
shows the biphasic dose effect only with extended pairings 
(Fig. 1, open symbols). 

Mechanisms of Conditioned Taste Preferences 

Like conditioned place preferences (see ► conditioned 
place preference and aversion), taste preferences index 
simple approach or appetitive responses produced by a 
previously neutral stimulus paired with a drug reinforcer. 
They extend to gustatory and flavor stimuli experimental 
work based on environmental or place cues. However, 
until the 1980s, considerable attention was given to the 
idea that the initial application of self-administered 
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Taste preference scores on choice test after 
training with opioid agonists 



Training dose (mg/kg, log scale) 

Conditioned Taste Preferences. Fig. 1 . Taste preference 
scores of rats trained with different doses of three mu-opioid 
receptor agonists; the data for each point were collected 
using independent groups of subjects. Abscissa : the doses of 
the pairing drug. Ordinate : mean of the difference between 
the volume of consumption of the drug- and the vehicle- 
paired tastes expressed as a percent of total fluid consumed. 
The open circles indicate data from rats trained with morphine 
using six pairings instead of three pairings. The asterisks 
indicate significant effects, (redrawn from Mucha and Herz 
(1985) Psychopharmacology 86:274-280.) 

substances only produced taste aversions and that taste 
preferences were not produced in these situations. The 
fact that low doses of opioids in drug-naive animals also 
show conditioned taste preferences refute this notion. 
Some of the paradoxical effects of self-administered 
drugs are indeed due to the toxicity of high dosing typi¬ 
cally used in the study of conditioned taste aversions. 
However, there are important differences between classes 
of addictive drugs, such as between opioids and psychos¬ 
timulants. Indirect dopamine agonists such as ► amphet¬ 
amine, for example, do not appear to evoke conditioned 
taste preferences, despite the fact that they act in the same 
general area of the brain as the opioids (Stolerman 1985). 
Therefore, conclusions about the opioids in the drug- 
naive animal probably do not generalize to drugs from 
other pharmacological classes. 

The pattern of conditioned taste preferences in Fig. 1 
likely reflects the activity of these training drugs on the 
mu-opioid receptors, as ► kappa-opioid agonists pro¬ 
duced only aversions. The peak increases in intake of 
the drug-paired taste in the figure also correspond to the 
known relative activities of the test substances on the 
mu-opioid receptor. The conditioned taste preference 


also only occurs with ► stereoisomers active on the mu 
receptor, suggesting that, indeed, opioid receptors are 
involved. However, it is still not known whether opioid 
antagonists block the formation of these preferences (Sto¬ 
lerman 1985). Opioid antagonists used as training drugs 
also produce conditioned taste aversion in morphine- 
naive rats and this response is potentiated in animals 
treated chronically with opioids, (Mucha 1992). The 
taste aversions produced by opioid antagonists in drug- 
naive rodents are also limited to the stereoisomer active 
on the opioid receptors. Therefore, taste preference and 
taste aversions conditioning appear to be modulated by 
increases and decreases in activity on the opioid receptors, 
respectively (Stolerman 1985). 

The conditioned taste preferences have not been stud¬ 
ied using local brain injections, which would be necessary 
to show that they occur in the reinforcement system in the 
brain. The pattern of effects seen for the opioids in Fig. 1 
parallel conditioned place preferences produced by these 
substances, which are known to be centrally mediated. 
Consistent with this, the potent opioid analgesics, sufen¬ 
tanil and ► fentanyl, which have the strongest effects in 
Fig. 1, have physicochemical properties allowing them to 
penetrate into the brain much more readily than mor¬ 
phine. However, there are a number of open questions, 
particularly regarding other substances active on the rein¬ 
forcement system that fail to produce conditioned taste 
preferences under acute treatment conditions (e.g., am¬ 
phetamine). 

An important issue is that opioids give rise to physical 
dependence and their removal results in ► withdrawal 
syndromes. These states are highly aversive and can be 
alleviated by the reapplication of opioids (Mucha 1992). 
This was a major explanation of the motivation for the 
oral intake of drugs in the early studies of oral self-admin¬ 
istration of drug. Clear evidence for the hypothesis is 
actually rare partly because incentive effects of a training 
drug confound tests for conditioned taste preferences 
produced by withdrawal. The effects in Fig. 1 are also 
seen at doses that are too low and infrequent to produce 
dependence. There are data from one-taste conditioning 
work and on morphine taste preference conditioning 
where animals were given supplementary injections of 
morphine independent of the taste preference condition¬ 
ing. There was a suggestion for a facilitation of the prefer¬ 
ence conditioning in injected animals; however, the 
conclusions were still not fully in line with a withdrawal 
alleviation hypothesis. It was possible that the injections 
sensitized the incentive effects of the morphine or pro¬ 
duced a habituation of the initial aversive effects (Gaiardi 
et al. 1991; Stolerman and D’Mello 1981). However, this 
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does not preclude a role for withdrawal alleviation with 
regard to other drugs, such as in ► alcohol preference 
tests. 

Consumption of food can condition taste preferences 
and a conditioned taste preference may arise from a drug’s 
nutritional effect. This can be the case for conditioned 
taste preferences reported for ethanol. This drug provides 
an organism with calories as well as pharmacological 
consequences and both of these effects seem to be impor¬ 
tant in accounting for its conditioned taste preferences 
(Cunningham and Niehus 1997). However, this cannot be 
the case for many other drugs that do not have nutritional 
effects, including the opioid analgesics in the figure. 

Regarding other mechanisms, there are special issues 
of conditioned taste preferences formed in the human 
during a career of oral drug intake. Because of a paucity 
of data in the drug area, one needs again to address as 
models factors important for the development of prefer¬ 
ences for and the eventually liking of the taste of foods. 
For example, Paul Rozin and colleagues have studied the 
development of preferences for flavors that were initially 
aversive, such as those that are spicy or bitter (see article 
by Debra Zellner in Bolles 1991). Peer group pressures or 
modeling (seeing another individual enjoy a spicy or 
bitter substance) promotes the liking for an initially aver¬ 
sive substance. Flavors can also be paired with reinforcing 
effects that do not come from the biological consequence 
of the ingestion, such as due to a pleasant environment or 
social interaction. In addition, expectations that a flavor is 
aversive may actually be seen as a goal for some indivi¬ 
duals seeking adventure or thrills; indeed, such individual 
have a risk for developing alcohol and drug dependence 
( ► risk taking, ► Attention Deficit and Disruptive Behav¬ 
ior Disorders). General anticipatory information about 
drug effects can also have a role in the formation of taste 
preferences, as predicted by other ► expectancies and 
their influence on drug effects. When the consumption 
of a flavor is found to have fewer negative consequences 
than originally anticipated, the flavor can thereafter be 
viewed as more pleasant. Also, experience with predict¬ 
able negative events may give rise to anticipatory oppo¬ 
nent processes that are hedonically positive. 

Conditioned Taste Preferences as an 
Interdisciplinary Probe for Appetitive Effects of 
Drugs 

Taste conditioning is easy to apply. The taste stimuli can be 
applied as liquids consumed for fluid balance and for 
nutrition or as fluids applied on to the tongue of experi¬ 
mental subjects. Therefore, unconditioned and 
conditioned tastes can be examined in many 


interdisciplinary situations. There is some experimental 
work on taste preference conditioning produced by drugs 
in the human. For example, a body of data in healthy 
coffee drinkers show that previously neutral tastes will 
evoke taste preferences when paired with ► caffeine intake 
(Yeomans et al. 2005). It may be important that this 
effect is not found in persons who are not high caffe¬ 
ine consumers. The methods for producing the taste 
conditioning are remarkably similar to those in animals 
and two taste, differential conditioning procedures have 
also been used. However, most of the preference effects 
produced by caffeine are based on subjective reports on 
the test flavors, rather than on actual consumption as 
used in animals. 

Conditioning using tastes and related stimuli can also be 
seen in the perinatal organism. There are examples of condi¬ 
tioning to tastes delivered in utero; effects of drugs of abuse 
have not been paired with these, however. Gary Beau¬ 
champ and colleagues did confirm in the human that 
tastes taken in by breast-feeding women can be detected 
in the milk expressed from the mother; the taste of ethanol 
is one of these. Work with other aversive flavors such as 
garlic as models has also shown that the experience of such 
flavors by the young breast-feeding infant can promote a 
subsequent acceptance of those flavors by the infant itself. 

Only neonatal rodents have been routinely used to 
study conditioned preferences produced by drugs. In 
5-day old rat pups, Priscilla Kehoe and Elliot Blass showed 
with morphine a biphasic dose pattern of taste preference 
conditioning. A variation of the one-taste method was 
used. Rats received a single pairing of saccharin prior to 
a morphine injection. Five days later, the saccharin solu¬ 
tion was infused over the tongue for testing. As com¬ 
pared to control animals, those injected with 0.5 mg/kg 
swallowed more of the solution; animals injected with 
2.0 mg/kg swallowed less. The perfusion was carried out 
with a catheter implanted directly into the tongue of the 
animal, which may be traumatic and interact with the 
opioid effects. Therefore, it is important that the same 
pattern of effects was observed using an odor-condition¬ 
ing paradigm. Taste is closely associated with olfactory 
processes; in fact, the flavors of most fluids are compri¬ 
sed of smells as well as tastes. Randall et al. (1992) used a 
single pairing with morphine in a two-odor conditioning 
paradigm and confirmed the low-dose preference and a 
high-dose aversion, as seen in Fig. 1 for the adult rat. 

For a focused perspective on reinforcement processes, 
conditioned taste preferences and aversion are the 
phenomena of choice. Most investigators remain only in¬ 
terested in appetitive-conditioned effects and avoid any 
confusion seen with the competing conditioned taste 
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aversion effects. The conditioned taste preference proce¬ 
dures are often used in the literature to examine the inter¬ 
play between aversive and incentive effects. For example, 
the taste conditioning methods are used together with 
other paradigms (e.g., place preference conditioning) to 
show different conditioned responses in the same study 
(e.g., Gaiardi et al. 1991). However, there is growing 
interest in assessing taste stimuli using the ► taste reactiv¬ 
ity test. As systematically explored by Linda Parker and 
colleagues, this test is similar to the tests of a two-taste 
preference conditioning paradigm, since it can also evi¬ 
dence motivational responses of both positive and nega¬ 
tive valence to a taste. However, this test has the additional 
feature that it can differentiate between different forms of 
conditioned aversive effects, such as the aversion pro¬ 
duced by a self-administered drug such as morphine and 
one produced by a toxin. Data from a taste reactivity test 
were originally used to evidence ► liking and wanting 
produced by reinforcers. 

Cross-References 

► Alcohol Preference Tests 

► Caffeine 

► Classical (Pavlovian) Conditioning 

► Conditioned Place Preference and Aversion 

► Conditioned Reinforcers 

► Conditioned Taste Aversions 

► Drug Cues 

► Drug Discrimination 

► Drug Self-Administration 

► Mu-Opioid Agonists 

► Nicotine 

► Opioid Analgesics 

► Paradoxical Effects 

► Relapse 

► Withdrawal 
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Conditioned Tolerance 

Synonyms 

Behavioral tolerance; Learned tolerance 

Definition 

Conditioned tolerance refers to those instances of toler¬ 
ance where it is a consequence not only of neuronal 
adaptations to the effects of a drug, but also involves 
either (1) associative learning in a classical (Pavlovian) 
conditioning situation or (2) differential tolerance arising 
from the impact of contingencies of reinforcement in 
operant conditioning procedures. Tolerance within a clas¬ 
sical conditioning paradigm may be seen as a 
► conditioned drug effect and is sometimes called situa- 
tionally specific tolerance; when results are interpreted 
according to the concepts of operant conditioning it is 
called ► behavioral tolerance. 


Confusion Assessment Method 

Synonyms 

CAM 

Definition 

The CAM is a nine-item delirium diagnostic scale based 
on the DSM-III-R criteria for delirium. A unique and 
helpful feature of the CAM is that it has been simplified 
into a diagnostic algorithm that includes only four items 
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of the CAM designed for rapid identification of delirium 
by nonpsychiatrists. The four-item algorithm requires the 
presence of: (a) acute onset and fluctuating course, 
(b) inattention, and either (c) disorganized thinking, or 
(d) altered level of consciousness. CAM has also been 
validated in palliative care settings with a sensitivity 
of 88% and a specificity of 100% when administered by 
well-trained clinicians. 


Confusional Arousals 

► Parasomnias 


Congestive Heart Failure 

Definition 

Heart failure is a global term for the physiological state in 
which cardiac output is insufficient for the needs of the 
body. In case the low cardiac output itself is the underly¬ 
ing cause, this is often termed congestive heart failure. 
Common causes of heart failure include myocardial in¬ 
farction, hypertension, valvular heart disease, and cardio¬ 
myopathy. The PDE3 inhibitor milrinone is used for the 
treatment of congenital heart failure. However, one of its 
side effects is ventricular arrhythmias which might be fatal 
and therefore it is only prescribed when conventional 
treatment with vasodilators and diuretics has proven to 
be insufficient. 

Cross-References 

► PDE3 Inhibitors 


Consciously Accessible and 
Nonconsdously Accessible Memory 

► Declarative and Non-Declarative Memory 


Consolidation 

Definition 

The process by which recently acquired information (i.e., 
labile, short-term memory) is progressively stabilized into 
a persistent form known as long-term memory. 


Consolidation and Reconsolidation 

Karim Nader, Oliver Hardt, PaolaV. Migues 
McGill University, Montreal, QC, Canada 

Synonyms 

Memory restabilization; Memory stabilization 

Definition 

Consolidation and reconsolidation refer to transient mem¬ 
ory stabilization processes: While consolidation processes 
stabilize newly acquired memories, reconsolidation pro¬ 
cesses re-stabilize reactivated, i.e., retrieved, established 
memories. Although synaptic consolidation and reconsoli¬ 
dation are universal properties of neurons, certain experi¬ 
mental conditions can reduce the probability of 
reconsolidation. For example, very strong memories are 
less likely to reconsolidate than weaker ones. 

Impact of Psychoactive Drugs 

Synaptic consolidation posits that new memories initially 
exist in an unstable state and are susceptible to amnesic 
treatments. Once they are resistant to these treatments 
they are referred to as ► long-term memories (McGaugh 
1966). The predominant view of synaptic consolidation 
posits that new RNA and proteins must be synthesized by 
neurons to stabilize new memories (Kandel 2001). In 
addition, at the physiological level changes in the efficacy 
of synaptic connections (i.e., long-term potentiation; see 
► long-term potentiation) are thought to reflect the 
biological substrate of memory (Martin et al. 2000). 

The empirical evidence for the existence of a consoli¬ 
dation period is that new learning induces a time window 
during which subsequent memory performance can be 
(1) diminished by impairing neuronal function (e.g., inhi¬ 
biting protein synthesis), (2) impaired by new learning, 
and (3) increased by manipulations that improve neuro¬ 
nal function (e.g., ► psychostimulants such as ► amphet¬ 
amine) (McGaugh 2000). 

► Synaptic reconsolidation posits that retrieval can 
transfer a consolidated memory from an unstable to a 
stable state. The currently available evidence suggests that 
new RNA and protein synthesis can be required for resta¬ 
bilization. In addition, there is preliminary evidence that 
changes in synaptic efficacy, thought to represent the 
biological substrate of memory, are subject to restabiliza¬ 
tion processes, i.e., reconsolidation (Nader and Hardt 2009) 
(see ► Learning & Memory: Molecular Mechanisms). 
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The existence of a reconsolidation period is deduced 
from evidence showing that reactivation of a consolida¬ 
ted memory induces a period of time during which 
subsequent memory performance can be (1) impaired 
by challenging neuronal function, (2) impaired by new 
learning, and (3) enhanced by manipulations that facili¬ 
tate neuronal function (including ► psychostimulants 
(Nader and Hardt 2009)). 

Synaptic consolidation and reconsolidation are differ¬ 
ent from Systems Consolidation. Systems consolidation 
and reconsolidation refer to the idea that the ► hippo¬ 
campus plays a time-limited role in supporting memory. 
When found, the time course of systems consolidation in 
humans ranges from months to years, and in rodent mod¬ 
els from weeks to months. 

Constraints on Reconsolidation 

Memory reconsolidation has been found in many para¬ 
digms and for many amnesic agents, but reconsolidation is 
not ubiquitous. Some memories, such as memories of un- 
reinforced contexts (i.e., pure space), do not seem to 
undergo reconsolidation. Other memories can undergo 
reconsolidation when certain paramters or conditions are 
met. Several parameters that have been found to inhibit 
memories from undergoing reconsolidation include ► ex¬ 
tinction consolidation, memory age, predictability of the 
reactivation stimulus, and training intensity. 

Therefore, studies that test for the neuropsychophar¬ 
macology of reconsolidation must ensure that the training- 
parameters allow a memory to undergo reconsolidation. 
Otherwise, reconsolidaiton may not occur, and a negative 
effect of a neuropsychopharmacology challenge will be 
obtained, which might not reflect the inability of the phar¬ 
macological treatment to principally affect reconsolidation. 

Comparing Reconsolidation and Consolidation 

Care must be taken when directly comparing the results 
obtained from studies testing consolidation and recon¬ 
solidation, as often different protocols are used to study 
the two memory processes. For example, in a Pavlovian 
paradigm consolidation is studied by presenting both a 
conditioned (CS) and an unconditioned stimulus (US), 
whereas reconsolidation is usually induced by presenting 
the CS alone. Such small changes in protocols can lead to 
surprising changes in the molecular mechanisms med¬ 
iating consolidation. For example, the mitogen-activated 
protein kinase (MAPK) pathway is engaged in 
the gustatory cortex when a novel, but not a familiar, 
taste is used in a ► conditioned taste aversion paradigm. 
Consolidation of contextual fear conditioning requires 


either one or two phases of protein synthesis and protein 
kinase A (PKA), depending on whether animals received 
one or two foot shocks. Therefore, reported differences in 
the neuropsychopharmacoloygy of consolidation and 
reconsolidation may reflect that a difference in mechan¬ 
isms mediating the two memory processes exists, or 
simply that the induction protocols were different. 

The neuropsychopharmacology of consolidation has 
been well described (McGaugh 2000). Although the neu¬ 
ropsychopharmacology of reconsolidation, has been a 
relatively new field, already many neurotransmitter sys¬ 
tems and signaling molecules have been implicated in 
the mechanisms that underly memory reconsolidation 
(Diergaarde et al. 2008; Tronson and Taylor 2007). 
A number of studies have investigated the memory en¬ 
hancing or disrupting effects of various pharmacological 
agents, which act on different neurotransmitter systems 
during the reconsolidation process. In these studies, the 
pharmacological agents were administered (rodents or 
humans) just before or after the reactivation of an estab¬ 
lished memory. Various paradigms have been used, in¬ 
cluding aversive memory tasks such as ► pavlovian fear 
conditioning and ► conditioned taste aversions; appeti¬ 
tive learning paradigms such as conditioned place prefer¬ 
ence (CPP); and ► passive avoidance tasks. 

Glutamatergic System 

The activation of ► NMDA receptors seems to be crucial 
for memory reconsolidation. The administration of drugs 
that affect these receptors pre or post retrieval has been 
shown to interfere with the reconsolidation process in a 
manner consistent with consolidation (Kandel 2001; Martin 
et al. 2000). 

Several studies have tested the effect of NMDA antago¬ 
nists on reconsolidation in rodents. When administered 
systemically, the non-competitive antagonist MK801 
impairs the reconsolidation of fear memory, of appetitive 
memory for food-rewarded spatial discrimination task, of 
appetitive pavlovian task, and long-term cocaine or am¬ 
phetamine-associated memories as measured by a 
conditioned place preference paradigm. With regard to 
NMDA agonists, there is evidence that d-cycloserine 
adminstered systemically or into the ► amygdala facili¬ 
tates fear memory reconsolidation in rats. 

Adrenergic System 

As is the case for conslidation, memory reconsolidation 
can also be disrupted by ► beta-adrenergic antagonists. 
The antagonist ► propanolol impairs reconsolidation of 
aversive memory and reward-related memories when 
injected systemically in rodents. Propanolol can also 
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impair reconsolidation of addictive-drug associative 
memories such as cocaine and morphine-CPP. 

In humans, oral administration of propanolol disrupts 
the reconsolidation of fear memories, resulting in a loss 
of the behavioral expression of fear in ► pavlovian fear- 
conditioned subjects (Kindt et al. 2009); and in patients 
with post-traumatic stress disorder, propanolol given after 
memory retrieval reduced the physiological response to the 
traumatic event. 

GABAergic System 

Memory reconsolidation can also be disrupted by admin¬ 
istration of drugs that act on the GABAergic system. Sys¬ 
temic injection of the ► GABA a receptor agonist after 
memory reactivation reduced contextual fear. However, 
GABA antagonists seem to not have an effect on reconso¬ 
lidation, as a study suggests in which the ► GABA antag¬ 
onist bicuculline did not affect the reconsolidation of 
contextual fear memories. 

Glucocorticoids 

The ► glucocorticoid receptors, which are important for 
modulation of consolidation, have also been shown to be 
a target for the modulation of reconsolidation of aversive 
memories. Several studies have demonstrated that infu¬ 
sion of the glucocorticoid receptor antagonist RU38486 
into the basolateral amygdala (BLA) after reactivation 
impairs long-term fear memories in rats. 

Endocannabinoid System 

There is clear evidence from experiments in rats that 
the ► endocanabinoid system plays an important role in 
the modulation of the reconsolidation process in various 
types of memories involving different brain areas. Post¬ 
retrieval infusion of the cannabinoid agonist WIN55,212- 
2 into the insular cortex blocked the expression of 
conditioned taste aversion memory. Bilateral infusion of 
WIN55,212-2 or HU210, another canabinoid agonist, 
into the ► amygdala after memory retrieval disrupted 
the reconsolidation of fear memory. 

Infusions of the canabinoid agonist ► anandamide 
into the CA1 region of the dorsal hippocampus after 
memory reactivation impaired the reconsolidation of 
contextual fear memory whereas the infusion of a cana¬ 
binoid antagonist AM251 facilitated it (de Oliveira 
Alvares et al. 2008). 

Cannabinoids also play a major role in the recon¬ 
solidation of drug-reward-related memory as the antag¬ 
onist ► rimonabant disrupted the reconsolidation of 
metamphetamine-conditioned place preference in mice 
(Yu et al. 2009). 


Dopaminergic System 

► Dopamine signaling via the D1 receptor is thought to 
be especially important for consolidation. This receptor 
is coupled to the cyclic AMP signaling pathways that are 
thought to be engaged during learning. Drugs that affect 
the dopaminergic system have shown to interfere with 
the reconsolidation process in some types of memories. 
In chicks, the D1 receptor antagonist SCH23390, when 
administered before retrieval, impaired passive avoidance 
memory. Drugs that affect dopamine reuptake also influ¬ 
ence memory reconsolidation. Cocaine treatments after 
memory reactivation enhanced active avoidance memory 
in rats, but amphetamine did not affect reconsolidation of 
a morphine-related memory in a CPP task. 

Cholinergic System 

The effects of cholinergic drugs on memory reconsolida¬ 
tion are not as clear as for other neurotransmitter systems. 
Evidence in favor for ► acetylcholine neurotransmission 
in reconsolidation stems from studies in which the cho¬ 
line-uptake inhibitor hemicholinium was administered 
intracerebrally, and blocked consolidation and reconsoli¬ 
dation of an inhibitory avoidance in mice. In addition, 
there is some evidence that systemic injections of the 
acetylcholine receptor antagonist ► scopolamine impair 
reconsolidation of morphine-conditioned place prefer¬ 
ence in rats. However, administration of scopolamine 
into the ► amygadala had no effect on the reconsolidation 
of contextual fear memory. 

Protein Kinases 

In addition to the pharmacological agents that act directly 
on neurotransmitter systems, drugs that interfere with acti¬ 
vation of some protein kinases (see ► kinase inhibitors) 
have been shown to affect memory consolidaton and recon¬ 
solidation (Tronson and Taylor 2007). For example, in rats, 
inhibition of PKA in the BLA by administration of Rp- 
cAMPS after memory retrieval disrupted conditioned fear 
memories and conditioned taste aversion. Activation of PKA 
by 6-BNZ-cAMP in the BLA enhanced fear-conditioned 
memories. However, in lymnea the PKA inhibitor KT5720 
impairs long-term associative memory only when injected 6 
h after, but not shortly after, memory retrieval. 

Administration of the mitogen-activated protein ki¬ 
nase (MAPK) inhibitors U0126 impairs reactivated fear 
memories when inejected into the amygdala, and the 
reconsolidation of recognition memory when injected 
intracerebroventricularly. Reconsolidation of cocaine- 
CPP was also disrupted by infusing U0126 into the core 
of nucleus accumbens, and by systemic administration of 
the MAPK inhibitor SL327. 
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Cross-References 

► Amphetamine 

► Amygdala 

► Conditioned Place Preference 

► Conditioned Taste Aversions 

► Dopamine 

► Extinction 

► GABA 

► GABA a 

► Glucocorticoids Receptors 

► Hippocampus 

► Kinase Inhibitors 

► Learning & Memory: Molecular Mechanisms 

► Long-Term Potentiation 

► NMDA Receptor 

► Passive Avoidance 

► Pavlovian Pear Conditioning 

► Psychostimulants 

► Synaptic Plasticity 
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Constitutive Activity 

Definition 

The spontaneous isomerization of a receptor into an 
active (signaling) state in the absence of ligand, resulting 
in an increase in the basal tone of the system. 


Constitutive Knockout 

► Knockout/Knockin 


Construct Validity 

Definition 

The extent to which an animal model of a psychiatric state 
has a sound theoretical rationale: in particular the extent 
to which the model and the disorder are homologous (see 
also: predictive validity, face validity). 

Cross-References 

► Animal Models of Psychiatric States 


Content-Disordered Thought Processes 

Definition 

Abnormal, apparently unreasonable interpretations of 
one’s own experiences and perceptions to which the per¬ 
son concerned adheres despite refutation by others. 


Context and Cued Conditioning 

► Pavlovian Pear Conditioning 


Context-Dependent Catalepsy 

Synonyms 

Conditioned catalepsy 


c 


Constitutional 

► Legal Aspects of Psychopharmacology 


Definition 

Context-dependent catalepsy occurs when a history of 
pairing the injection of a catalepsy-inducing drug, such 
as haloperidol, with the testing of catalepsy in a particular 
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environment results in acquisition by that environment of 
the ability to elicit catalepsy in the absence of the previ¬ 
ously administered drug. 


Context-Induced Reinstatement 

Definition 

In this procedure, laboratory animals are first trained to 
self-administer a drug or nondrug reinforcer in an envi¬ 
ronment (typically termed context A) associated with a 
specific set of “background” stimuli (e.g., operant cham¬ 
ber fan, time of day). During training, these stimuli be¬ 
come associated with the availability and effects of the 
reinforcer. Lever pressing is then extinguished in a differ¬ 
ent environment (typically termed context B) with a 
different set of “background” stimuli. During reinstate¬ 
ment testing under extinction conditions, exposure to the 
context previously paired with the reinforcer (context A) 
reliably reinstates operant responding. 

Cross-References 

► Reinstatement of Drug Self-Administration 

► Self-Administration of Drugs 


Context-Specific Drug Effects 

► Conditioned Drug Effects 


Contextual Fear 

Definition 

Fear of the environmental context associated with the 
administration of the unconditioned stimulus. 


Contingency Management 

Synonyms 

CM 

Definition 

An intervention wherein behavior change is promoted by 
systematically providing reinforcement when treatment 
goals are achieved and withholding reinforcement or 


providing punitive consequences when treatment goals 
are not met. 


Contingency Management in Drug 
Dependence 

Stephen T. Higgins, Sarah H. Heil, Stacey C. Sigmon 
Departments of Psychiatry and Psychology, University of 
Vermont, Burlington, VT, USA 

Synonyms 

CM; Financial incentives; Voucher-based reinforcement 
therapy 

Definition 

► Contingency management (►CM) is an intervention 
to change behavior by systematically reinforcing meeting 
treatment goals and withholding reinforcement or providing 
punitive consequences for unmet goals. This treatment ap¬ 
proach is based on principles of ► operant conditioning, 
an area of psychology concerning the effects of reinforce¬ 
ment and punishment on the probability of future behav¬ 
ior. ► Reinforcement refers to the behavioral process 
whereby an environmental consequence increases the 
probability of a response, and ► punishment refers to a 
behavioral process where the probability of a response is 
decreased because of its consequence. 

Current Concepts and State of Knowledge 

Clinical and Scientific Rationale : CM is designed to in¬ 
crease motivation for behavior change in patients whose 
motivation to change varies over time. While drugs them¬ 
selves can serve as positive reinforcers, CM is designed to 
replace these reinforcers with other healthier positive rein¬ 
forcers for abstaining from substance use, attending thera¬ 
py sessions, and taking prescribed medications (Higgins 
et al. 2008). 

Important Features of CM Interventions : CM interven¬ 
tions promote behavior change using positive and nega¬ 
tive reinforcement. Positive reinforcement involves the 
delivery of a reinforcing consequence such as a voucher 
to purchase retail items contingent on meeting a therapeu¬ 
tic goal such as abstaining from recent drug use. ► Nega¬ 
tive reinforcement involves the removal, or a reduction in 
the intensity of an aversive event such as job suspension 
contingent on meeting a therapeutic goal such as success¬ 
ful completion of treatment. Positive punishment involves 
the delivery of an aversive event such as a social 








Contingency Management in Drug Dependence 


351 


reprimand contingent on a therapeutically undesirable 
response such as failure to attend therapy sessions. Finally, 
negative punishment, involves the removal of a positive 
condition such as forfeiture of clinic privileges contingent 
on the occurrence of an undesirable response such as 
resumption of substance use. 

While reinforcement and punishment contingencies 
are effective, punishment is typically disliked by patients 
and staff, and can inadvertently increase treatment drop¬ 
out. Nevertheless, judicious use of negative punishment 
can help to retain patients in treatment, reduce substance 
use, and improve other therapeutic targets. 

Several practical considerations improve outcomes 
with CM interventions: (1) the details of the intervention 
should be explained carefully to patients prior to treat¬ 
ment, accompanied by written contracts; (2) the res¬ 
ponse being targeted by the CM intervention (e.g., drug 
abstinence) should be defined objectively (e.g., drug¬ 
negative urine toxicology results); (3) the methods to be 
used for verifying that the target response has occurred 
(e.g., urine toxicology testing) should be identified in 
advance; (4) the schedule for monitoring progress (e.g., 
Monday, Wednesday and Friday) should be outlined 
clearly; (5) progress should be monitored frequently to 
provide opportunities for patients to experience the pro¬ 
grammed consequences; (6) the duration of the inter¬ 
vention should be clearly stipulated in advance; (7) the 
treatment should focus on a single target (e.g., abstinence 
from a single substance) rather than targeting multi¬ 
ple behaviors (e.g., abstinence from multiple substances); 

(8) the consequences of success and failure should be clear; 

(9) the delay to delivering consequences should be as short 
as possible. For example, delivering the consequence on 
the same day that the target response is verified produces 
larger treatment effects than delivering the consequence 
at a later time; (10) larger value incentives produce larger 
treatment effects. 

Applications of Contingency Management CM was first 
used with substance use disorders (SUDs) in a program¬ 
matic manner in the 1980s to reduce unauthorized drug 
use among patients enrolled in methadone treatment for 
opioid dependence (Stitzer et al. 1982). These studies 
showed that illicit drug use, even among severely depen¬ 
dent individuals, could be reduced using reinforcement 
contingencies, and they showed that medication take- 
home privileges for patients who otherwise had to report 
to the clinic daily were an effective incentive for inc¬ 
reasing abstinence from unauthorized drug use (Stitzer 
et al. 1992). 

Later in a seminal study, ► cocaine dependent outpa¬ 
tients were randomly assigned to 24 weeks of 


behavior therapy including CM or to standard drug 
abuse counseling (Higgins et al. 1993). The CM interven¬ 
tion was 12 weeks in duration and explicitly integrated 
with routine urine toxicology testing. Participants earned 
points for drug-free urines that were recorded on vou¬ 
chers. The first negative test results earned 10 points or 
$2.50 in purchasing power, the number of points earned 
increased by 5 with each consecutive cocaine-negative test 
result. Cocaine-positive test or failure to provide a speci¬ 
men reset the value of the vouchers back to the initial low 
level. Five consecutive test results following a reset re¬ 
stored voucher value back to where it was prior to the 
reset. Money was never given to patients. Instead, patients 
were given vouchers to purchase retail items in the com¬ 
munity such as gym memberships, fishing licenses, or gift 
certificates to local restaurants. Staff counseled patients to 
use vouchers to support involvement in healthy activities 
that could serve as attractive alternatives to cocaine use. If 
a patient earned all the points available across 12 weeks, 
he/she could earn a total of $997.50 in purchasing power. 
The CM treatment was combined with an intensive be¬ 
havioral counseling intervention known as the com¬ 
munity reinforcement approach (CRA) that focused on 
promoting healthy lifestyle changes. In that study, the 
majority (58%) of patients in the CM + CRA condition 
remained in treatment for the recommended 24 weeks of 
treatment compared to only 11% in the comparison 
treatment using standard drug abuse counseling (Fig. 1, 
top panel). Regarding cocaine abstinence, 68% of those 
treated with CM + CRA, achieved two or more months of 
continuous cocaine abstinence during the recommended 
treatment period that was verified by urine toxicology 
testing. By contrast, among those assigned to standard 
treatment, the majority either dropped out of treatment 
or resumed cocaine use, with only 11% achieving two or 
more months of objectively verified abstinence from co¬ 
caine use (Fig. 1, bottom panel). Subsequent studies on 
the treatment of cocaine dependence, replicated the find¬ 
ings described above, showed that voucher-based CM was 
an active contributor to the positive outcomes achieved 
with the CM + CRA approach, and also demonstrated 
continuing benefits for approximately 2 years after the 
CM program was discontinued. 

CM has been applied to different types of SUDs in 
several different populations. A meta-analysis of con¬ 
trolled studies using voucher-based or related monetary- 
based CM to treat SUDs from January 1991 and March 
2004 (Lussier et al. 2006), identified 63 reports of stu¬ 
dies that targeted abstinence from substance use, clinic 
attendance, or medication compliance. The review sup¬ 
ported the efficacy of CM. 
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Contingency Management in Drug Dependence. Fig. 1. 

Percent of patients retained for the recommended 24 weeks 
of treatment (top panel) and percent of patients achieving 
two or months of continuous cocaine abstinence during 
treatment (bottom panel). * indicates a significant difference 
between conditions (p<0.05). (Adapted from Higgins et al. 
1993.) 

CM has been used with subpopulation, special sub¬ 
population such as pregnant cigarette smokers (Heil et al. 
2008). Eighty-two women who were still smoking upon 
entering prenatal care were randomly assigned to a 
condition where they received vouchers contingent on 
abstinence from recent smoking through 12 weeks follow¬ 
ing delivery of the baby or to a control condition where 
they received vouchers independent of smoking status 
(even if they kept smoking). Significantly more women 
in the condition where vouchers were earned contingent 
on recent smoking abstinence successfully abstained from 
smoking during pregnancy (41% vs. 10%; Fig. 2). 



Contingency Management in Drug Dependence. Fig. 2. 

Point-prevalence smoking abstinence at the end of 
pregnancy. * indicates a significant difference between 
conditions (p<0.05). (Adapted from Heil et al. 2008.) 

Additionally, fetal growth was significantly greater in the 
condition where vouchers were earned contingent on 
smoking abstinence compared to the control condition 
(Fig. 3). Those outcomes were achieved with average 
payouts of $461 ±461 in vouchers across, approximately 
9 months of treatment. 

CM has been successful in other applications with 
pregnant women. For example, it has been used effecti¬ 
vely to increase abstinence from cocaine and heroin use 
among pregnant women (Silverman et al. 2002). CM is 
also effective at improving the likelihood of taking medi¬ 
cation among those with infectious diseases. Improv¬ 
ing compliance with antiretroviral medications for HIV/ 
AIDS patients with SUDs is one example in that area 
(Rounsaville et al. 2008). Another special population with 
whom there is growing evidence of CM’s efficacy is the 
seriously mentally ill who also have SUDs (Sigmon and 
Higgins 2006). CM is effective at reducing substance use 
in that population and reducing other complicating fac¬ 
tors such as re-hospitalization rates that often go along 
with drug abuse among the mentally ill. CM is effective 
with adolescents with SUDs, with the evidence mostly 
centering on cigarette smoking and marijuana use. Final¬ 
ly, CM is an essential component in multi-element treat¬ 
ments for homeless crack and other drug abusers (Milby 
and Schumacher 2008). 

Conclusion 

CM treatments represent an important part of evidence- 
based interventions for SUDs. They are effective and 
sufficiently versatile to be used in different settings and 
with different population in need of treatment for SUDs. 
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Contingency Management in Drug Dependence. Fig. 3. Mean (±SEM) rates of growth in estimated fetal weight (top panel), 
fetal femur length (bottom left panel), and fetal abdominal circumference (bottom right panel) between ultrasound 
assessments conducted during the third trimester. * Indicates a significant difference between conditions (p<0.05). (Adapted 
from Heil et al. 2008.) 


While very effective, they do not represent a silver bullet. 
For example, improvements are needed to help the inter¬ 
ventions succeed with a larger proportion of the patients 
treated, to develop methods that will ensure longer-term 
maintenance of beneficial effects over time, and to con¬ 
tinue to develop and refine practical applications that will 
be used widely in society. The broad success to date 
should give great confidence in the continuing develop¬ 
ment and improvement of this approach to help address 
the adverse individual and societal consequences of SUDs. 
Moreover, CM interventions are being successfully ex¬ 
tended to a wider range of public health problems, in¬ 
cluding, for example, increasing physical activity levels 
among the elderly and increasing weight reduction 
among obese adults. Taken together, CM interventions 


offer much promise for making important improvements 
in the public health. 
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Contingency of Reinforcement 

Definition 

A particular arrangement of consequences for an operant. 
The arrangements can differ in a variety of ways including 
differences in schedule of reinforcement and limits on the 
forms of behavior that are reinforced. 


Contingent Tolerance 

► Behavioral Tolerance 


Continuous Reinforcement 

► Fixed Ratio 


Continuous Reinforcement Schedule 

Definition 

A schedule of responding used in operant conditioning. 
Emitting one response, such as a lever press or nose poke, 
results in the presentation of the reinforcer. This is also 
referred to as a fixed ratio 1 (FR1) schedule. 


Controlled Clinical Trial 

► Phase II Clinical Trial 

► Phase III Clinical Trial 


Controlled Clinical Trials 

► Randomized Controlled Trials 


Controlled Substances Act 

Synonyms 

CSA 

Definition 

The Controlled Substances Act (CSA) is the commonly 
used name for the Title II of the Comprehensive Drug 
Abuse Prevention and Control Act of 1970 passed by the 
U.S. Congress. It provides the basis for the current regu¬ 
lation of drugs of abuse in the USA (http://www.usdoj. 
gov/dea/pubs/csa.html). Drugs controlled under the CSA 
are assigned to one of five Schedules (I to V) based on 
their abuse liability. Restrictions on possession, sale, and 
distribution of drugs differ among the Schedules, with the 
most severe penalties given for violations involving drugs 
in Schedule I. 

Cross-References 

► Abuse Liability Evaluation 


Conventional Antipsychotics 

► First-Generation Antipsychotics 

► Typical Antipsychotics 
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Conventional Neuroleptics 

► First-Generation Antipsychotics 


Convulex 

► Valproic Acid 


Cortical or Brain Waves 

► Electroencephalography 


Corticosteroid Receptors 

Definition 

Intracellular receptors for corticosteroid hormones. On 
hormone binding, they function as transcription factors 
in the nucleus of the cell to change mRNA expression and 
protein synthesis of target genes. There are two types: 
mineralocorticoid receptors (MR) and glucocorticoid 
receptors (GR). 


Corticotropin-Releasing Factor 

Chase H. Bourke, Michael J. Owens 
Laboratory of Neuropsychopharmacology, Department of 
Psychiatry and Behavioral Sciences, Emory University 
School of Medicine, Atlanta, GA, USA 

Synonyms 

Corticotropin-releasing hormone; CRF; CRH 

Definition 

The major neuropeptide transmitter responsible for orches¬ 
trating the endocrine, autonomic, immune, and behavioral 
responses to stress. 

Pharmacological Properties 

Introduction 

Corticotropin-releasing factor (CRF), also known as corti¬ 
cotropin-releasing hormone (CRH), orchestrates the stress 


response in the endocrine, autonomic, immune, and beha¬ 
vioral systems through the activation of the hypothalamic- 
pituitary-adrenal (HPA) axis and extrahypo thalamic 
pathways. The peptide itself is highly conserved between 
species, and its evolutionary role is to mobilize energy stores 
and appropriate behavior(s) in response to a stressor. It has 
since evolved to regulate a variety of responses to stress. CRF 
was first isolated and characterized by Vale and colleagues in 
1981. Due to the similarity in sizes of ACTH and CRF and 
limits on detection techniques, purification was performed 
on approximately 490,000 sheep (ovine) hypothalami in 
order to generate enough samples for isolation. This was 
part of an ongoing study elucidating a variety of hypotha¬ 
lamic peptides. In the majority of studies, the CRF system 
has consistently been shown to be dysregulated in many 
patients suffering from a variety of psychiatric illness in¬ 
cluding post-traumatic stress disorder (PTSD), early life 
trauma, and major depressive disorder (MDD) (Nemerofif 
et al. 1984). In a few studies, the dysregulation of CRF 
activity has also been implicated in anorexia nervosa and 
Alzheimer’s disease. During pregnancy, CRF plasma levels 
spike during the third trimester and have been implicated 
in parturition. The variety of molecular and behavioral 
responses orchestrated by this single peptide defines it as 
the central focus of stress research today. 

Pharmacological Properties 

CRF belongs to a family of ► neuropeptides including 
sauvagine (a peptide secreted from the skin of a South 
American frog Pyllomedusa sauvagei ), the urocortins (en¬ 
dogenous neuropeptides with effects similar to those of 
CRF), and urotensin (a peptide secreted by the Goby fish). 
The CRF gene was cloned by Furutani and colleagues 
2 years after the isolation and characterization of CRF 
itself and is expressed in diverse animal species, from 
zebrafish to all higher mammals. Human CRF is localized 
to the long arm of chromosome 8 at position ql3. 

The CRF gene is first activated by transcription factors 
to produce a 196 amino acid polypeptide. The polypep¬ 
tide is posttranslationally cleaved at the N-terminus at 
position 147. The C-terminus is cleaved at amino acids 
195-196 and undergoes posttranslational ► amidation. 
The importance of amidation is not clearly understood; 
however, sauvagine and urocortin, which also bind and 
activate CRF receptors, are amidated (Petrusz and 
Merchenthaler 1992). In vitro receptor binding experi¬ 
ments studying CRF receptors have shown that deami¬ 
dated CRF has reduced binding affinity for the CRF 
receptor, clearly demonstrating an important albeit elu¬ 
sive role for amidation. The mature product is a 41 amino 
acid neuropeptide with a molecular weight of 4,758.4 Da 
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and an isoelectric point of 5.09. Human, rat, and mouse 
CRF are identical to each other and display significant 
sequence homology to ovine CRF (Table 1). 

The CRF mature peptide structure was characterized 
by Lau in 1983 and forms a random coil monomer under 
physiological conditions. However, in an ► amphiphilic 
environment such as the cell surface, CRF forms an a-helix 
and displays an amphiphilic pattern of hydrophobic and 
hydrophilic surfaces segregated on opposite sides of the 
oc-helix. Upon binding to the CRF receptor at the extracel¬ 
lular domain, the CRF peptide undergoes a conformational 
change to produce the oc-helical secondary structure. 

Peripherally administered CRF does not cross the 

► blood-brain barrier but exerts effects via peripheral 
CRF receptors in the gut, on immune cells, or its major 
endocrine action on corticotropes of the anterior pitui¬ 
tary. Direct central administration of CRF in the 

► hypothalamus and/or ► amygdala, as well as the cere- 
broventricular system, results in a pronounced endocrine 
and behavioral stress response. 

CRF neurons are highly distributed but selectively clus¬ 
tered in the CNS. The densest region of CRF neurons is the 
parvocellular region of the paraventricular nucleus of the 
hypothalamus. These neurons project to the median emi¬ 
nence where CRF is released into the portal vessel system 
supplying the anterior pituitary to initiate the pituitary- 
adrenal axis endocrine response to stress. A significant 
number of CRF cell bodies are also localized in the central 
nucleus of the amygdala, the bed nucleus of the stria termi- 
nalis (BNST), and the locus coeruleus where CRF mediates 
appropriate behavioral and autonomic responses (Owens 
and Nemeroff 1991). The expression of CRF neurons 
in these areas, as well as others, infers a role of CRF in 


modulating monoaminergic systems. CRF neurons inner¬ 
vate noradrenergic cells of the locus coeruleus, the major 
noradrenergic cell body nucleus. Within the hypothalamus, 
CRF neurons are innervated by serotonergic, GABAergic, 
cholinergic and dopaminergic neurons as well as additional 
CRF neurons. This provides a feedback loop and turns off 
CRF expression (Petrusz and Merchenthaler 1992). Spe¬ 
cific innervation patterns of extrahypothalamic CRF are 
not known but similar interactions with various transmit¬ 
ter systems are expected. 

CRF immunoreactivity has also been localized in di¬ 
verse areas outside of the brain. CRF is present in the 
adrenal medulla, pancreas, small intestine, stomach, and 
testis but a function in these organs is still unclear. It is 
believed that CRF and CRF receptor expression in lym¬ 
phocytes and the organs of the GI tract may be involved in 
inflammation mechanisms in a variety of GI disorders. 
CRF is also present in the blood plasma to a small extent, 
although its use as a biomarker for stress has not been 
supported. During pregnancy, CRF plasma levels spike 
6-40-fold during the third trimester of pregnancy but 
circulating ACTH and cortisol remain level during the 
entire course of pregnancy due to multiple mechanisms 
to keep free cortisol in check. Therefore, there is some other 
non-endocrine function of placental CRF, probably in the 
process of parturition. 

The Hypothalamic-Pituitary-Adrenal Axis 

“My mind sent a message to my hypothalamus , told it to 
release the hormone CRF into the short vessels connecting 
my hypothalamus and my pituitary gland... It would help 
me fight like a wildcat or run like a deer” 

-Kurt Vonnegut, Breakfast of Champions 


Corticotropin-Releasing Factor. Table 1. Pharmacological properties of CRF family peptides and antagonists. Homologous 
amino acid sequences to human CRF are highlighted (Adapted by permission from Grigoriadis 2003). 


Pedilpe 

Amino add sequence 

CRF, 

K,(nM) 

CRF,a 

Kj (nM) 

CRFBR 

Kj(nM) 

Human/RaVMouse CRF 

$E E F PI $ L DLTFH LLREVLEMARAEQL AQQ AHSNRKLME11 - N H 2 

1.5 

42 

0.19 

Ovine/Caprine CRF 

SQE P PI $ L DLT FH LLREVLEMTKA DQLAQQAHSKRKLLDl A-NH 2 

1.1 

230 

310 

Frog Sauvagine 

PYR-GPPISIDLSLELLRKHIEIEKQEKEKQQAAKMRLLLDTI-NH2 

1.6 

5.2 

13 

Zebrafish Urotensin 1 

NDDPPISIDLT FH LLRNM I EMAR I EM Q REQAELNRK Y L DEV-NH 2 

0.4 

1.8 

0.17 

Human Urocortin 1 

RDNpSLS I DLTFHLLRTLLE LARrQSQRERAEQNRr IFDSV-NH2 ; 

0.4 

0.3 

0.23 

Human Urocortin 2 

GSRI VLSlJvPIg||qILLEQ fiRARAAREOATTSARI LARV-NH2 

>100 

1.7 


Human Urocortin 3 

RTK FT : ,5L DV P TNIMN L L FNI |kAK ML Ra|aaIa HLMAQX-NH2 

>100 

22 


Ray Mouse Urocortin 1 

R D D|F LS I DLT FH LLRT LLE L AITQ S Q RE R A EQNR IIFDSV-NH2 

03 

0.6 


Rat Urocortin 2 

DTRVI LSLDV PI GLLR I LLEQARNK AA RNQAATNAQ ILA RV-NH 2 

>100 

0.7 


a-Helical CRF (9-41) 

D LT FH LLREMLEMAKAEQEAEQAALNRLLLE EA-NH2 

19 

1.1 

026 

dPhe l2 Nle £130 rCRF(12-41) 

FH LLREVLEXARAEQLAQQA HSNRKLXEII-NH2 

19 

4.4 

None 

Antisauvagine-30 

FH LLRKM I E IE KQEK E KQQAANMRLLLDTI-NH2 

400 

1.1 

190 

Astressin 

FH LLREVLEXARAEQLAQ E A H KMR KLXEII-NH2 

0.7 

0.6 


Astressin 2 B 

DLS FHLLRKXIEIEKQEKEKQQAENNKLLLDLI -NH 2 

>500 

1.3 
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The endocrine response to stress is mediated by the 
hypothalamic-pituitary-adrenal axis. The HPA axis is 
activated by a combination of neurons projecting from 
the amygdala and hippocampus along with the serotoner¬ 
gic and cholinergic (and possibly opioid) neuronal stim¬ 
ulation of CRF neurons in the paraventricular nucleus of 
the hypothalamus. This stimulates the release of CRF and 
increases the gene expression of CRF and vasopressin 
(Fig. 1). The peptide(s) are secreted from nerve terminals 
in the median eminence through the blood to the anterior 
pituitary gland via the portal plexus system. On the sur¬ 
face of corticotroph cells in the pituitary, CRF binds to 
the CRF receptors producing a G protein-coupled re¬ 
ceptor (GPCR) signal transduction cascade activating 
G s or Gi. The stimulatory G protein (G s ) activates adeny¬ 
late cyclase, converting ATP into cAMP, which causes PKA 
activation. PKA activates CREB, a transcription factor, 
which increases the gene expression of proopiomelano¬ 
cortin (POMC). As it undergoes intracellular trafficking, 
proteolytic cleavage processes POMC to produce the 
mature adrenocorticotropin hormone (ACTH) which is 


secreted into the peripheral blood circulation. There 
is a readily releasable pool of ACTH immediately avail¬ 
able for release into the bloodstream as well. ACTH 
travels through the peripheral blood stream until it 
binds ACTH receptors/melanocortin type-2 receptors 
located on the zona fasciculata of the adrenal gland. 
The binding of ACTH causes a similar GPCR signal 
cascade resulting in PKA activation, which causes cho¬ 
lesterol sequestering and transfer to the mitochondria 
within steroidogenic cells. There, P450 side-chain cleav¬ 
age enzyme binds cholesterol and converts it into preg¬ 
nenolone, which undergoes further enzymatic reactions 
to form the glucocorticoid cortisol (Minneman and 
Wecker 2005). Cortisol is important in energy produc¬ 
tion, inflammation, fetal growth, development, and pro¬ 
tein and lipid catabolisms. 

The HPA axis is modulated by a negative feedback 
loop encompassing the hippocampus, hypothalamus, and 
anterior pituitary. Following cortisol secretion into the 
peripheral blood circulation, cortisol diffuses through the 
plasma membrane of cells in the pituitary, hypothalamus, 


c 


Stressor 



Negative 

feedback 

inhibition 


T Gluconeogenesis 
T Li po lysis 
T Proteolysis 
T Insulin resistance 
T Blood pressure 
t Premature 
parturition 
i Fetal 
development 
i inflammation 
i Immune system 
function 

A 


Corticotropin-Releasing Factor. Fig. 1. The hypothalamic-pituitary-adrenal axis. External stressors cause initiation 

of the HPA axis by first stimulating CRF neurons in the hypothalamus. Negative feedback inhibition loops return the system 

toward homeostasis (Adapted by permission from Krishnan and Nestler 2003). 
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and hippocampus where it binds to the ► glucocorticoid 
receptor (GR), a nuclear receptor transcription factor. 
Upon binding, the GR dissociates from a chaperone 
complex, which keeps it in an inactive state, and homodi- 
merizes with another cortisol-bound GR. The homodimer 
translocates into the nucleus and binds to specific glucocor¬ 
ticoid response elements to cause the transcriptional regu¬ 
lation of CRF and POMC related genes, as well as many 
others, decreasing CRF and POMC production and release. 

Metabolism 

Unbound CRF is sequestered by a rather unique CRF- 
binding protein (CRF-BP), a 37 kDa protein character¬ 
ized by Orth and Mount in 1987. CRF-BP and the CRF 
receptors bind CRF with similar affinity (0.2 nM). The 
protein also binds CRF fragments from residues 6-33 
(designated as CRF 6-33) and residues 9-33 (CRF 9-33) 
with high affinity while the receptors bind these fragments 
with a lower affinity, supporting a role of the binding 
protein in modulating CRF ► bioavailability. Additional¬ 
ly, 40-60% of brain CRF is bound to CRF-BP, further 
supporting a role for this protein in CRF bioavailability. 
CRF-BP also binds peptides in the same family as CRF such 
as urocortin, sauvagine, and urotensin. In the brain, CRF- 
BP localization coincides with CRF and the CRF receptors 
in the ► amygdala and pituitary but is also distributed in 
the cerebral cortex and brain stem. Peripheral CRF-BP is 
highly expressed in only the human and primate placenta 
and to a lesser extent in the liver. These studies contribute 
to the theory that CRF-BP regulates CRF levels and acts as 
a reservoir for CRF when needed (Kemp et al. 1998). 
During the end of pregnancy, CRF-BP levels fall as pla¬ 
cental CRF rises further implicating the protein as a 
CRF regulator. Novel treatments for mood and ► anxiety 
disorders (vide infra) may involve drugs targeting the 
CRF-BP in order to modulate free CRF concentrations 
without fully blocking the receptor as an antagonist 
might. 

The endogenous enzyme(s) responsible for the degra¬ 
dation of CRF are unknown. However, experiments using 
purified endogenous ectopeptidases show that CRF is 
cleaved into smaller fragments. These fragments have 
reduced activity at CRF receptors. 

Mechanism of Action 

CRF binds exclusively to CRF l and CRF 2 receptors to 
produce its intracellular effects. Both CRF receptor 
► subtypes are part of the Class B family of GPCRs, 
which also includes the calcitonin receptors and the para¬ 
thyroid hormone receptor (De Souza 1995). Class B 


receptors contain an N-terminal extracellular ligand bind¬ 
ing site (ECD), a seven transmembrane/juxtamembrane 
domain (JD), and a C-terminal binding site for the G 
protein (guanine nucleotide exchange protein). CRF 
binding has been proposed to proceed according to a 
“Two Domain Model” in which the C-terminus of CRF 
binds the N-terminus of the receptor (Fig. 2). This initial 
binding increases the affinity of the N-terminus of CRF 
for the J-domain of the CRF receptor. The N-terminus of 
the newly formed a-helical CRF binds the J-domain and 
initiates the activation of the CRF receptor, which can in 
turn activate adenylate cyclase via G-protein mediated 
signal transduction (Hoare 2005). This model explains 
some of the discrepancies in the loss of binding affinity 
observed in CRF fragments because the fragments may 
only be binding to one domain or blocking the binding 
pocket. 

CRF X and CRF 2 receptor subtypes display 71% amino 
acid sequence homology to one another but mediate very 
different actions. CRF X receptors are implicated in the 
stress response while CRF 2 receptors are associated with 
feeding behaviors and, arguably, stress-coping behaviors. 
CRFi receptors are highly expressed in the anterior pitui¬ 
tary and mediate the pituitary-adrenal axis response 
to stress. It is also diversely expressed in the cerebral cortex, 
hippocampus, amygdala, cerebellum, and hypothalamus. 
Peripheral CRFx receptors are localized within the adrenal 
glands and the GI tract as well as the testis, ovaries, 
and immune system where they serve a variety of para¬ 
crine roles. 

There are three separate ► isoforms of CRF 2 receptor 
delineated as CRF 2A , CRF 2B , and CRF 2C . These are pro¬ 
duced from post-transcriptional mRNA processing of the 
same gene leading to splice variants, which produce dif¬ 
ferent forms of the N-terminus and a single amino acid 
change at position 41. The exact importance of these 
changes is not clearly understood. However, binding studies 
have shown that the isoforms display slight changes in 
affinity for certain peptides in the CRF family (Dautzenberg 
and Hauger 2002). CRF 2A receptors are localized primarily 
in the lateral septum, raphe nucleus, and ► BNST. Unlike 
rodents, there is significant CRF 2A receptor density within 
primate cortex. Peptides that are CRF 2A selective antago¬ 
nists have been shown to have some anxiolytic effects 
following stress conditions although transgenic studies 
in mice show that CRF 2A receptors may be involved in 
coping responses following stress. CRF 2B receptors are 
localized within ventricles and arterioles of the cerebro- 
vasculature. There are detectable levels of mRNA expres¬ 
sion in cardiac and skeletal muscles. Human CRF 2C 
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Corticotropin-Releasing Factor. Fig. 2. CRF receptor binding and activation. Binding of CRF and/or small molecule 
antagonist to CRF receptor. Non-peptide small molecule antagonist (M) can bind regardless of ligand but if bound, M will block 
binding of CRF N-terminus resulting in noncompetitive antagonism (Adapted by permission from Grigoriadis et al. 2009). 


mRNA is localized in the septum and hippocampus with 
weak expression in the frontal cortex, amygdala, midbrain, 
and nucleus accumbens. A clear and significant role for the 
CRF 2 c receptor has not been ascribed. 

Behavioral and Endocrine Responses to CRF 

Central administration of CRF into the CNS produces 
anxiety and fear-related behaviors in mice and rats nearly 
identical to those following exposure to a variety of ex¬ 
perimental stressors. CRF antagonists also abolish or 
strongly attenuate stress-induced changes in physiology 
and behavior. Central administration also disrupts gas¬ 
tric and colonic motor systems, implicating CRF in the 
pathophysiology of irritable bowel syndrome. Numerous 
detailed reviews of the behavioral actions of CRF are avail¬ 
able. Peripheral administration of CRF in the ► CRF stim¬ 
ulation test (with or without dexamethasone) is used to 
measure HPA axis dysregulation in MDD patients. 

CRF is hypothesized to play a major role in many 
endocrine changes observed in patients suffering from 
psychiatric disorders. A significant subgroup of patients 
suffering from MDD exhibit elevated plasma cortisol con¬ 
centrations as well as elevated cerebrospinal fluid CRF 
concentrations. Many MDD patients also exhibit a dysre- 
gulated glucocorticoid-mediated negative feedback 


mechanism. Depressed suicide victims show increased 
CRF mRNA expression in the ► hypothalamus as well as 
decreased CRFi receptor binding. There is also evidence 
that CRF plays a role in early life stress. Evidence suggests 
that early life trauma increases the sensitivity of the CRF 
system in adulthood, which may increase the risk of 
developing depression. 

Although the data are limited, the genetic regulation 
and variation of components in the CRF system are asso¬ 
ciated with the pathophysiology of ► depression and 
► anxiety. Specifically, single-nucleotide polymorphisms 
(SNPs) within the CRF X gene (CRHR1) support a link 
between these polymorphisms and the development 
of depression in patients with a history of child abuse 
(Bradley et al. 2008). Functional SNPs in the CRHR1 gene 
are also implicated in the susceptibility to ► panic disor¬ 
der but only in conjunction with SNPs in the vasopressin 
receptor lb gene (AVPR1B). Vasopressin receptors in the 
pituitary synergize with CRF to stimulate ACTH release. 
Some SNPs in the CRF-BP characterized in a Swedish 
population are comorbid with major depressive disorder, 
providing further evidence for the CRF system’s role in 
depression. While there are no known polymorphisms 
in the CRF gene itself, SNPs in the CRF promoter 
region are associated with decreased sensitivity to 
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glucocorticoids and increased consumption of alcohol in 
Rhesus monkey. 

Clinical Applications 

Various peptides have been good tools for probing CRF 
receptor function in vitro and in laboratory animals; 
however, the lack of CNS penetrance renders them of no 
use for therapeutic applications. Research has focused on 
the development of non-peptide antagonists of the CRF X 
receptor for the treatment of stress-related disorders 
including depression and anxiety. High throughput 
screening and structure-activity relationship driven drug 
design has produced many small molecule antagonists. 
CP 316,311 failed in a clinical trial for depression in 
2008 and pexacerfont was recently reported as ineffective 
for irritable bowel syndrome subjects. It should be noted 
that the extant literature suggests that, at least for major 
depression, only those individuals with dysregulated (hy¬ 
peractive) CRF systems would be expected to benefit from 
CRF antagonists. We believe that this represents only a 
subgroup of depressed individuals. Therefore, only these 
individuals should be evaluated for efficacy in future 
trials. It is not at all clear how to best determine whether 
an individual has a CRF dysregulation. The use of CRF 
antagonists as anxiolytic medications might be expected 
to target a much larger population of individuals. 

Cross-References 

► Anxiety: Animal Models 

► Arginine-Vasopressin 

► Generalized Anxiety Disorder 

► Hypothalamic-Pituitary-Adrenal Axis 

► Neurosteroids 

► Social Anxiety Disorder 

► Social Stress 

► Traumatic Stress (Anxiety) Disorder 
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Cortistatin 

Synonyms 

CST; CST14; CST17; CST29 

Definition 

A rat ► neuropeptide with strong homology to SRIF was 
identified in the brain, cloned, and named cortistatin 
(CST). CST is also present in the periphery. In rodents, 
CST a tetradecapeptide (CST-14), sharing 11 amino acids 
with SRIF; the human homologue is a heptadecapeptide 
(CST-17). A longer isoform of CST has been identified, 
(CST-29). CST is produced as a prepropeptide that is 
processed to the final forms by peptide cleavage. 

Cross-References 

► Somatostatin 

► SRIF 


Cosmetic Psychopharmacology 

Definition 

The use of a psychotropic drug to ensure that a person 
who is not ill feels better than he or she already is. 
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1 Cost Utility of the Latest Antipsychotic 
Drugs in Schizophrenia Study 

► CUtLASS 


CPP 

► Conditioned Place Preference 


stimuli that elicited conditioned positive and negative 
reinforcement which, in turn, would generate craving. 
For clinical use, craving was included in the international 
classification of diseases (ICD-10; WHO, 2003) as an 
optional diagnostic criterion for alcohol and drug depen¬ 
dence, defining the term as “a strong desire or sense of 
compulsion” to take the drug. In line with this, the ma¬ 
jority of current conceptualizations of ► substance depen¬ 
dence define subjective craving as a sensory phenomenon 
that contributes the continuation of drug use. 


c 


► Conditioned Response 


1 Crack 

Synonyms 

Cocaine 

Definition 

Crack is the street name for cocaine processed to remove 
the hydrochloride (HC1) from the powder form of cocaine 
HC1. Cocaine HC1 is mixed with ammonia or baking soda 
and the mixture is heated, allowed to solidify, and broken 
into small pieces (“rocks”). The crackling sounds made 
when the mixture is smoked give this freebase form of 
cocaine its street name. 

Cross-References 

► Freebase 


Craving 

Synonyms 

Urge 

Definition 

The description of a strong urge and desire to drink 
alcohol or to take drugs, and its conceptualization to the 
construct of “craving” as a central downstream mecha¬ 
nism that initiates drug intake and precedes relapse, has a 
history of at least 60 years. Concepts of classical condi¬ 
tioning had a major impact on theories of alcohol and 
drug craving, suggesting that stimuli paired repeatedly 
with alcohol withdrawal could become conditioned 


► Corticotropin-Releasing Factor 

1 CRF Stimulation Test 

Definition 

A test to determine HPA axis dysregulation. CRF is 
injected intravenously and serum levels of ACTH and 
cortisol are measured. In some patients with depression, 
ACTH and cortisol have a blunted response, leading to the 
conclusion that the HPA axis is dysregulated. 

Cross-References 

► Neuroendocrine Markers for Depression 


' CRH 

► Corticotropin-Releasing Factor 


Critical Flicker Fusion Frequency 

Synonyms 

CFFF; Flicker fusion rate; Flicker fusion threshold 

Definition 

Critical flicker fusion frequency (CFFF) is the frequency at 
which an intermittent light stimulus appears to be 
completely steady to the observer. This is often measured 
by exposing the subjects both to a low-frequency flicker, 
by increasing the frequency to the point the subject 
has the sensation that the flickering stops, and a 













362 


Cross-Dependence 


high-frequency flicker that decreases to the point where 
the flicker is detected. The CFFF is the mean of the two. If 
the frequency at which frames are displayed in a film falls 
below the CFFF then the image will be perceived as jerky. 


Cross-Dependence 

Synonyms 

Substitution 

Definition 

When one drug is able to suppress the withdrawal signs 
and symptoms resulting from discontinued repeated ad¬ 
ministration of another drug, cross-dependence is said to 
occur. For example, methadone can be used to suppress 
withdrawal in persons physically dependent on heroin. 
This underlies one of the therapeutic bases for methadone 
treatment of opiate addiction. Cross-dependence is most 
readily seen among various opioids and is also seen 
among the CNS depressants such as the barbiturates, 
benzodiazepines, and alcohol. 

Cross-References 

► Abuse Liability Evaluation 

► Alcohol 

► Barbiturates 

► Benzodiazepeines 

► Opioid Dependence and Its Treatment 

► Opioids 

► Physical Dependence 

► Sedative, Hypnotic, and Anxiolytic Dependence 


Cross-Tolerance 

Definition 

Animals and humans who have become tolerant on one 
drug are often tolerant to related drugs as well. This phe¬ 
nomenon is called cross-tolerance. For example, heroin 
abusers who are tolerant to heroin would also be tolerant 
to many other opioids, including methadone. This means 
that higher does of these other opioids would be needed to 
produce analgesia or intoxication than would be needed in 
a non-tolerant individual. Similarly, a patient treated with 
high doses of methadone would become cross-tolerant to 
heroin and other opioids, requiring higher doses to 
achieve intoxication. This serves as one of the pharmaco¬ 
logical bases of methadone treatment. 

Cross-References 

► Abuse Liability Evaluation 

► Opioid Dependence and Its Treatment 

► Opioids 

► Tolerance 


Crying 

► Distress Vocalization 


► Conditioned Stimulus 


Cross-Price Elasticity 

Definition 

Cross-price elasticity is the relationship between the price 
for one commodity and the demand for the alternative 
commodity. 


CSA 


► Controlled Substances Act 


Cross-References 

► Behavioral Economics 


5-CSRT 

► Five-Choice Serial Reaction Time Task 


Cross-Sectional Aspect 

Definition 

Concerning patterns and characteristics of a single epi¬ 
sode of a disorder. 


5-CSRTT 


► Five-Choice Serial Reaction Time Task 
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CST 


Cumulative Distance Moved 


► Cortistatin ► Distance Traveled 


c 


' CST14 

► Cortistatin 

' CST17 

► Cortistatin 


CST29 

► Cortistatin 


Cue (in psychology) 

► Discriminative Stimulus 

► Drug Cues 

► Stimulus Generalization 


Cue Competition 

► Overshadowing 


Cued Fear 

Definition 

Conditioned fear of a discrete cue, usually a pure tone, 
white noise, or light stimulus. 


Cueing Properties of Drugs 


Current Clamp 

Synonyms 

Membrane potential recording 

Definition 

Current-clamp recording is an intracellular recording mo¬ 
dality where the experimenter records the voltage across 
the membrane of a cell while controlling the current 
flowing through the electrode, often holding it at zero. 

Cross-References 

► Intracellular Recording 


Current Mood 

► Affective State 

► Decision Making 


CUtLASS 

Synonyms 

Cost utility of the latest antipsychotic drugs in schizo¬ 
phrenia study 

Definition 

Study comparing an impact of the treatment with First 
Generation Antipsychotics and Second Generation Anti- 
psychotics on quality of life. The main result is a lack of 
significant difference in this respect. The study also com¬ 
pares efficacy of predominately sulpiride with the SGA in 
the treatment of schizophrenia. In general, sulpiride was 
as effective and well tolerated as the SGA. 

Cross-References 

► First-Generation Antipsychotics 

► Schizophrenia 

► Second Generation Antipsychotics 

► Sulpiride 


► Drug Discrimination 
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Cyclic-Adenosine Monphosphate 


Cyclic-Adenosine Monphosphate 

► cAMP 


Cydoheximide 

Definition 

A protein synthesis inhibitor isolated from Streptomyces 
griseus that exerts its effect by blocking translocation of 
the ribosome during the elongation phase of translation. 

1 CYP 

► Cytochrome P450 

1 CYP450 

► Cytochrome P450 


Cytochrome P450 

Synonyms 

CYP; CYP450; P450 


Definition 

Cytochrome P450 is a large superfamily of hemoproteins 
that are essential to the enzymatic catalysis reactions 
involved in the metabolism of exogenous compounds 
(e.g., drugs) and endogenous (e.g., steroid hormones) 
substances. Usually, they form part of multicomponent 
electron transfer chains, called P450-containing systems. 
The most common reaction catalyzed by cytochrome 
P450 is a mono-oxygenase reaction. 

Cross-References 

► Sex Differences in Drug Effects 


Cytokines 

Definition 

Cytokines are regulatory proteins involved in the intercell 
communication that are significant for the appropriate 
development and functioning of the immune system and 
that play a major role in a variety of immunological, inflam¬ 
matory, and infectious disease in the CNS. The term 
includes interleukins, tumor necrosis factors (TNFs), inter¬ 
ferons, transforming growth factor (TGF)beta, and colony- 
stimulating factors. 


Cytotec 

► Misoprostol 










